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Section 1 


Introduction 


The TMS320 family of 16/32-bit single-chip digital signal processors com- 
bines the flexibility of a high-speed controller with the numerical capability of 
an array processor, offering an inexpensive alternative to custom VLSI and 
multichip bit-slice processors for signal processing. 


The TMS32010, the first digital signal processor in the TMS320 family, was 
introduced in 1983. Since that time, the TMS320 family has established itself 
as the industry standard for digital signal processing. The powerful instruction 
set, inherent flexibility, high-speed number-crunching capabilities, and inno- 
vative architecture have made the high-performance, cost-effective processors 
in the TMS320 family the ideal solution to many telecommunications, com- 
puter, commercial, industrial, and military applications. 


The TMS320 family has now expanded into three generations of processors: 
TMS320C1x, TMS320C2x, and TMS320C3x (see Figure 1-1). Many features 
are common among these generations. Some specific features are added in 
each processor to provide different cost/performance tradeoffs. Software 
compatibility is maintained throughout the family to protect the user’s invest- 
ment in architecture. Each processor has software and hardware tools to fa- 
cilitate rapid design. 


This document discusses the second-generation devices (TMS320C2x) 
within the TMS320 family. The specific second-generation TMS320 family 
members are: 


& TMS32020, an NMOS 20-MHz digital signal processor capable of twice 
the performance of the TMS320C1x devices, 


7) TMS320C25, a CMOS 40-MHz version of the TMS32020 with twice 
| the performance of the TMS32020, 


® TMS320C25-50, a CMOS enhanced-speed (50-MHz) version of the 
TMS320C25, and 


e TMS320E25, a version of the TMS320C25 (40-MHz) with on-chip 
ROM replaced by secure, on-chip EPROM. 


Introduction 
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PERFORMANCE 


TMS320C3x 


320C30 + 32-bit fit-pt CPU 
¢ 60-ns Instr cyc 


« 2KW RAM 
« 4KW ROM 
« 64W Instr Cache 
TMS320C2x - 16MW total mem 

° 32 x 32 = 40-bit mult 
¢ 2 Serial ports 

32020 + 16/32-bit CPU ¢ 2 Timers 

320C25 - 80 ns Instr cyc + DMA 

320E25 - 544W data RAM 

- 4KW ROM/EPROM 


¢ 128KW total mem 


TMS320C1x Neeicanaduee 


32010 

320C10 
320014 
320E14 
320C15 
320E15 
320C17 
320E17 


¢ Block move/repeat 
« Multiprocessor 1/F 


° 16/32-bit CPU 

* 160-ns Instr cyc 

« 256W data RAM 

« 4KW ROM/EPROM 

° 4KW ext prog mem 
°16 x 16 = 32-bit mult 
° Serial ports 

° Timers 


Figure 1-1. TMS320 Device Evolution 


Plans for expansion of the TMS320 family include more spinoffs of the exist- 
ing generations as well as more powerful future generations of digital signal 
processors. 


The TMS320 family combines the high performance and specialized features 
necessary in digital signal processing (DSP) applications with an extensive 
program of development support, including hardware and software develop- 
ment tools, product documentation, textbooks, newsletters, DSP design 
workshops, and a variety of application reports. See Appendix | for a dis- 
cussion of the wide range of development tools available. | 


Introduction - General Description 


1.1 General Description 


The combination of the TMS320’s Harvard-type architecture (separate pro- 
gram and data buses) and its special digital signal processing (DSP) instruc- 
tion set provide speed and flexibility to produce a microprocessor family 
capable of executing 12.8 MIPS (million instructions per second). The 
TMS320 family optimizes speed by implementing functions in hardware that 
other processors implement through software or microcode. This hardware- 
intensive approach provides the design engineer with power previously una- 
vailable on a single chip. 


The second generation of the TMS320 family includes four members: 
TMS32020, TMS320C25, TMS320C25-50, and TMS320E25. The architec- 
ture of these devices is based upon that of the TMS32010. Table 1-1 provides 
an overview of the TMS320C2x group of processors with comparisons of 
technology, memory, I/O, cycle timing, and package type. 

MEMORY 


Table 1-1. TMS320C2x Processors Overview 
DEVICE |TECH| ON-CHIP OFF-CHIP 
RAM ROM/ PROG DATA 
EPROM SER PAR DMA 
T™MS32020t 544 64K {YES 16x16 YES | 200 | 68 - = - | 
C | 100 


S ~ 64K 
TMS320C25t 544 4K = 64K_~—« 64K | YES 16x16 CON| 100 | 68 68 = - 
TMS320C25-508{CMOS| 544. 4K. G4K_~—GAK | YES 16x16 CON| 80 | 
4K «64K 


1/OT PACKAGE 
TYPE* 


PGA PLCC CER 


TMS320E258 _|CMOS| 544 64K |YES 16x16 CON| 100 | - - 68 | 


TSER = serial; PAR = parallel; DMA = direct memory access; CON = concurrent DMA. 

tMilitary version available; contact nearest TI Field Sales Office for availability. 

§ Military version planned; contact nearest Tl Field Sales Office for details. 

*“PGA = 68-pin grid array; PLCC = plastic-leaded chip carrier, CER = surface mount ceramic-leaded chip 
carrier (CER-QUAD). 


The TMS32020, processed in NMOS technology, is source-code upward 
compatible with the TMS32010 and in many applications is capable of two 
times the throughput of the TMS320C1x devices. It provides an enhanced 
instruction set (109 instructions), large on-chip data memory (544 words), 
large memory spaces, on-chip serial port, and a hardware timer. 


The TMS32GC25, an enhanced version of the TMS32020, is processed in 
CMOS technology. The TMS320C25 is capable of executing 10 million in- 
structions per second. It is pin-for-pin and object-code upward compatible 
with the TMS32020. The TMS320C25’'s enhanced feature set greatly in- 
creases the functionality of the device over the TMS32020. Enhancements 
include 24 additional instructions (133 total), eight auxiliary registers, an 
eight-level hardware stack, 4K words of on-chip program ROM, a bit-reversed 
indexed-addressing mode, and the low-power. dissipation inherent to the 
CMOS process. 


The TMS32G6C25-50 is a high-speed version of the TMS320C25. It is capable 
of an instruction cycle time of less than 80 ns. It is architecturally identical to 
the 40-MHz version of the TMS320C25 and is pin-for-pin and object-code 
compatible with the TMS320C25. | 
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The TMS320E25 is identical to the TMS320C25, with the exception that the 
on-chip 4K-word program ROM is replaced with a 4K-word on-chip program 
EPROM. On-chip EPROM allows realtime code development and modifica- 
tion for immediate evaluation of system performance. 


Note: 
Throughout this document, “TMS320C25” refers to the TMS320C25, 


TMS320C25-50, and TMS320E25 unless stated otherwise. Where ap- 
plicable, “ROM” includes the on-chip EPROM of the TMS320E25. 
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1.2 Key Features 


Some of the key features of the TMS320C2x devices are listed below. Features 
which pertain to a particular device are noted by enclosing the device name 
within parentheses. 


Instruction cycle timing: 

a 80-ns (TMS320C25-50) 

- 100-ns (TMS320C25 and TMS320E25) 
-  200-ns (TMS$32020) 


544-word programmable on-chip data RAM 

4K-word on-chip program ROM (TMS320C25 and TMS320C25-50) 
Secure 4K-word on-chip program EPROM (TMS320E25) 
128K-word total data/program memory space 

32-bit ALU/accumulator 

16- x 16-bit parallel multiplier with a 32-bit product 

Single-cycle multiply/accumulate instructions 


Repeat instructions for efficient use of program space and enhanced 
execution 


Block moves for data/program management 

On-chip timer for control operations 

Up to eight auxiliary registers with dedicated arithmetic unit 

Up to eight-level hardware stack 

Sixteen input and sixteen output channels 

16-bit parallel shifter 

Wait states for communication to slower off-chip memories/peripherals 
Serial port for direct codec interface 

Synchronization input for synchronous multiprocessor configurations 
Global data memory interface 

TMS320C1x source-code upward compatibility 

Concurrent DMA using an extended hold operation (except TMS32020) 


Instructions for adaptive filtering, FFT, and extended-precision 
arithmetic (except TMS32020) 


Bit-reversed indexed-addressing mode for radix-2 FFT (except 
TMS32020) 

On-chip clock generator 

Single 5-V supply 

Device packaging: 

a 68-pin PGA (TMS32020 and TMS320C25) 

7 68-lead PLCC (TMS320C25 and TMS320C25-50) 

= 68-lead CER-QUAD (TMS320E25) 


Technology: 
= NMOS (TMS32020) 
= CMOS (TMS320C25, TMS320C25-50, and TMS320E25) 


Commercial and military versions available. 
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1.3 Typical Applications 


The TMS320 family’s unique versatility and realtime performance offer flexible 
design approaches in a variety of applications. In addition, TMS320 devices 
can simultaneously provide the multiple functions often required in those 
complex applications. Table 1-2 lists typical TMS320 family applications. 


Table 1-2. Typical Applications of the TMS320 Family 


GENERAL-PURPOSE DSP GRAPHICS/IMAGING INSTRUMENTATION 


Digital Filtering 3-D Rotation Spectrum Analysis 
Convolution Robot Vision Function Generation 
Correlation Image Transmission/ Pattern Matching 
Hilbert Transforms Compression Seismic Processing 
Fast Fourier Transforms Pattern Recognition Transient Analysis 
Adaptive Filtering Image Enhancement _ Digital Filtering 
Windowing Homomorphic Processing Phase-Locked Loops 
Waveform Generation Workstations / 
Animation/ Digital Map 


VOICE/SPEECH CONTROL MILITARY | 


Voice Mail _ Disk Control! Secure Communications 
Speech Vocoding Servo Control Radar Processing 

Speech Recognition | Robot Control Sonar Processing 

Speaker Verification Laser Printer Control Image Processing 

Speech Enhancement Engine Control Navigation 

Speech Synthesis Motor Control Missile Guidance 
Text-to-Speech Radio Frequency Modems 


TELECOMMUNICATIONS AUTOMOTIVE 


Echo Cancellation FAX Engine Control 
ADPCM Transcoders Cellular Telephones Vibration Analysis 
Digital PBXs Speaker Phones Antiskid Brakes 

Line Repeaters Digital Speech Adaptive Ride Control 
Channel Multiplexing Interpolation (DSI) Global Positioning 
1200 to 19200-bps Modems X.25 Packet Switching Navigation 

Adaptive Equalizers Video Conferencing Voice Commands 
DTMF Encoding/Decoding Spread Spectrum Digital Radio 

Data Encryption — Communications Cellular Telephones 


CONSUMER INDUSTRIAL MEDICAL 


Radar Detectors Robotics. Hearing Aids 

Power Tools Numeric Control | Patient Monitoring 
Digital Audio/TV Security Access Ultrasound Equipment 
Music Synthesizer Power Line Monitors Diagnostic Tools 
Toys and Games Prosthetics 
Solid-State Answering Fetal Monitors 
Machines 


Many of the TMS320C2x features, such as single-cycle multiply/accumulate _ 
instructions, 32-bit arithmetic unit, large auxiliary register file with a separate 
arithmetic unit, and large on-chip RAM and ROM, make the device particularly 
applicable in digital signal processing systems. At the same time, general- 
purpose applications are greatly enhanced by the large address spaces, on- 
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chip timer, serial port, multiple interrupt structure, provision for external wait 
states, and capability for multiprocessor interface and direct memory access. 


The TMS320C2x provides the flexibility to be configured to satisfy a wide 
range of system requirements. This allows the device to be applied in systems 
currently using costly bit-slice processors or custom ICs. Some of the system 
configurations are: 


e A standalone system using on-chip memory, 
8 Parallel multiprocessing systems with shared global data memory, or 
® Host/peripheral coprocessing using interface contro} signals. 


(eu 


Introduction - How To Use This Manual 


1.4 How To Use This Manual 


The purpose of this user’s guide is to serve as a reference book for the 
TMS320C2x digital signal processors. Sections 2 through 6 provide specific 
information about the architecture and operation of the device. Appendix A 
furnishes electrical specifications and mechanical data information. 


The following table lists each section and briefly describes the section con- 


tents. 


Section 2. 


Section 3. 


Section 4. 


Section 5. 


Section 6. 


Pinouts and Signal Descriptions. Packaged drawings for 
TMS320C2x devices. Functional listings of the signals, 
their pin locations, and descriptions. 


Architecture. TMS320C2x design description, hardware 
components, and device operation. Functional block dia- 
gram and internal hardware summary table. 


Assembly Language Instructions. Addressing modes and 
format descriptions. Instruction set summary listed ac- 
cording to function. Alphabetized individual instruction 
descriptions with examples. 


Software Applications. Software application examples for 


the use of various TMS320C2x instruction set features. 


Hardware Applications. Hardware design techniques and 
application examples for interfacing to memories, periph- 
erals, or other microcomputers/microprocessors. XDS de- 
sign considerations. System applications. 


Nine appendices are included to provide additional information. 


Appendix A. 


Appendix B. 


Appendix C. 


Appendix D. 


Appendix E. 


Second-Generation TMS320 Data Sheet. Electrical spec- 
ifications, timing, and mechanical data for the TMS320C2x 
devices. 


SMJ32020/C25 Data Sheets. Electrical specifications, 
timing, and mechanical data for the SMJ32020 and 
SMJ320C25 military devices. 


TMS320C2x System Migration. Information for upgrading 
a TMS320C1x to a TMS32020-based system and a 
TMS32020 to a TMS320C25-based system. 


TMS320C2x Instruction Cycle Timings. Listings of the 
number of cycles for an instruction to execute in a given 
memory configuration on the TMS32020 and_ the 
TMS320C25. 


TMS320E25 EPROM Programming. Programming hard- 
ware description and methodology. 
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Appendix F. 


Appendix G. 
Appendix H. 


Appendix I. 


Memories, Analog Converters, Sockets, and Crystals. 
Listings of the Tl memories, analog conversion devices, 
and sockets available to support the TMS320C2x devices 
in DSP applications. Crystal specifications and vendors. 


ROM Codes. Discussion of ROM codes (mask options) 
and the procedure for implementation. 


Quality and Reliability. Discussion of Texas Instruments 
quality and reliability criteria for evaluating performance. 


Development Support/Part Order Information. Listings of 
the hardware and software available to support the 


TMS320C2x devices. 
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1.5 References 


The following reference list contains useful information regarding functions, 
operations, and applications of digital signal processing. These books also 
provide other references to many useful technical papers. The reference list is 


_ organized into categories of general DSP, speech, image processing, and di- 


gital control theory; if known, each category is alphabetized according to the 
author's last name. 


General Digital Signal Processing: 


Antoniou, Andreas, Digital Filters: Analysis and Design. New York, NY: 
McGraw-Hill Company, Inc., 1979. 


Brigham, E. Oran, The Fast Fourier Transform. Englewood Cliffs, NJ: 
Prentice-Hall, Inc., 1974. 


Burrus, C.S. and Parks, T.W., DFT/FFT and Convolution Algorithms. 
New York, NY: John Wiley and Sons, Inc., 1984. 


Digital Signal Processing Applications with the TMS320 Family, Texas 
Instruments, 1986; Prentice-Hall, Inc., 1987. 


Gold, Bernard and Rader, C.M., Digital Processing of Signals. New 
York, NY: McGraw-Hill Company, Inc., 1969. 


Hamming, R.W., Digital Filters. Englewood Cliffs, NJ: Prentice-Hall, 
Inc., 1977. | 


IEEE ASSP DSP Committee (Editor), Programs for Digital Signal Pro- 
cessing. New York, NY: IEEE Press, 1979. 


Jackson, Leland B., Digital Filters and Signal Processing. Hingham, MA: 
Kluwer Academic Publishers, 1986. 


Jones, D.L. and Parks, T.W., A Digital Signal Processing Laboratory 
Using the TMS32070. Englewood Cliffs, NJ: Prentice-Hall, Inc., 1987. 


Lim, Jae and Oppenheim, Alan V. (Editors), Advanced Topics in Signal 
Processing. Englewood Cliffs, NJ: Prentice-Hall, Inc., 1988. 


Morris, L. Robert, Digital Signal Processing Software. Ottawa, Canada: 
Carleton: University, 1983. 


Oppenheim, Alan V. (Editor), Appisications of Digital Signal Processing. 
Englewood Cliffs, NJ: Prentice-Hall, Inc., 1978. 


Oppenheim, Alan V. and Schafer, R.W., Digital Signal Processing. En- 
glewood Cliffs, NJ: Prentice-Hall, Inc., 1975. 


Oppenheim, Alan V. and Willsky, A.N. with Young, I.T., Signals and 
Systems. Englewood Cliffs, NJ: Prentice-Hall, Inc., 1983. 


Parks, T.W. and Burrus, C.S., Digital Filter Design. New York, NY: John 
Wiley and Sons, Inc., 1987. 
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Rabiner, Lawrence R., Gold and Bernard, Theory and Application of Di- 
gital Signal Processing. Englewood Cliffs, NJ: Prentice-Hall, Inc., 1975. 


Treichler, J.R., Johnson, Jr., C.R. and Larimore, M.G., A Practical Guide 
to Adaptive Filter Design. New York, NY: John Wiley and Sons, Inc., 
1987. 


Speech: 


Gray, A.H. and Markel, J.D., Linear Prediction of Speech. New York, 
NY: Springer-Verlag, 1976. 


Jayant, N.S. and Noll, Peter, Digital Coding of Waveforms. Englewood 
Cliffs, NJ: Prentice-Hall, Inc., 1984. 


Papamichalis, Panos, Practical Approaches to Speech Coding. Engle- 
wood Cliffs, NJ: Prentice-Hall, Inc., 1987. | 


Rabiner, Lawrence R. and Schafer, R.W., Digital Processing of Speech 
Signals. Englewood Cliffs, NJ: Prentice-Hall, Inc., 1978. 


Image Processing: 


Andrews, H.C. and Hunt, B.R., Digital Image Restoration. Englewood 
Cliffs, NJ: Prentice-Hail, Inc., 1977. 


Gonzales, Rafael C. and Wintz, Paul, Digita/ Image Processing. Reading, 
MA: Addison-Wesley Publishing Company, Inc., 1977. 


Pratt, William K., Digital Image Processing. New York, NY: John Wiley 
and Sons, 1978. 


Digital Control Theory: 


Jacquot, R:, Modern Digital Control Systems. New York, NY: Marcel 
Dekker, Inc., 1981. 


Katz, P., Digital Control Using Microprocessors. Englewood Cliffs, NJ: 
Prentice-Hall, Inc., 1981. 


Kuo, B.C., Digital Control Systems. New York, NY: Holt, Reinholt and 
Winston, Inc., 1980. 


Moroney, P., /ssues in the Implementation of Digital Feedback Com- 
pensators. Cambridge, MA: The MIT Press, 1983. 


Phillips, C. and Nagle, H., Digital Contro! System Analysis and Design. 
Englewood Cliffs, NJ: Prentice-Hall, Inc., 1984. 
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Pinouts and Signal Descriptions 


The TMS320C2x (second-generation TMS320) digital signal processors are 
available in one or more of three package types. The TMS32020 and the 
40-MHz TMS320C25 are available in a 68-pin grid array (PGA) package. The . 
TMS320C25 (40-MHz and 50-MHz versions) are available in a plastic 
68-lead chip carrier (PLCC) package. The TMS320E25 is packaged in a ce- 
ramic surface mount 68-lead chip carrier (CER-QUAD) package. All TMS320 
packages conform to JEDEC specifications. 


Conversion sockets that accept PLCC and CER-QUAD packages and have a 
PGA footprint are commercially available. For more information, refer to Ap- 
pendix F. 


When using the XDS emulator, refer to Section 6.1.3 for user target design 
considerations. 


This section provides the pinouts and signal definitions in the following sub- 
sections: 


® TMS320C2x Pinouts (Section 2.1 on page 2-2) 
@ TMS320C2x Signal Descriptions (Section 2.2 on page 2-3) 


Electrical specifications and mechanical data are given in Appendix A. 


Note: 


| Throughout this document, “TMS320C25” refers to the TMS320C25, 


TMS320C25-50, and TMS320E25 unless stated otherwise. Where ap- 
plicable, “ROM” includes the on-chip EPROM of the TMS320E25. 
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2.1 TMS320C2x Pinouts 


Figure 2-1 shows pinouts of the PGA, PLCC, and CER-QUAD packages for 
the TMS320C2x devices. Note that the pinout and external dimensions of 
PLCC and CER-QUAD are identical. 
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Figure 2-1. TMS320C2x Pin Assignments 
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2.2 TMS320C2x Signal Descriptions 


The signal descriptions for the TMS320C2x devices are provided in this sec- 
tion. Table 2-1 lists each signal, its pin location (PGA, PLCC, and 
CER-QUAD), function, and operating mode(s), i.e., input, output, or high- 
impedance state as indicated by |, O, or Z. The signals in Table 2-1 are 
grouped according to function and alphabetized within that grouping. 
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- Table 2-1. TMS320C2x Signal Descriptions 


SIGNAL PIN 1/0/Zt DESCRIPTION 
Ta 


AE ea BUSES 


L10/43 Parallel address bus A15 (MSB) through AO (LSB). 
K9/42 Multiplexed to address external data/program memory or 
L9/41 
K8/40 
L8/39 
K7/38 
L7/37 
K6/36 
K5/34 
L5/33 
K4/32 
L4/31 
K3/30 
L3/29 
K2/28 
K1/26 
D15 MSB 1/0/Z 
D14 | 
D13 
D12 
D11 | 
D10 
D9 
D8 
D7 
D6 
D5 
D4 
D3 
D2 
D1 ! 
DO LSB 


1/O. Placed in high-impedance state in the hold mode. 
INTERFACE CONTROL SIGNALS 


T Pin numbers apply to CER-QUAD as well as PLCC. 
t Input/Output/High-impedance state 


Parallel data bus D15 (MSB) through DO (LSB). 
Multiplexed to transfer data between the TMS320C2x and 
external data/program memory or I/O devices. Placed in 

high- impedance state when not outputting or when RS or 
HOLD is asserted. 


K10/45 
J10/47 
J11/46 


Data, program, and |/O space select signals. Always high 
unless low level asserted for communicating to a 
particular external space. Placed in high- impedance 
state in the hold mode. 


Data ready input. Indicates that an central device is pre- 
pared for the bus transaction to be completed. If the device 
is not ready (READY = 0), the TMS320C2x waits one cycle 
and checks READY again. READY also indicates a bus grant 
to an external device after a BR (bus request) signal. 


Read/write signal. Indicates transfer direction when com- 
municating to an external device. Normally in read mode 
(high), unless low level asserted for performing a write op- 
eration. Placed in high-impedance state in the hold mode. 


H10/49 Strobe signal. Always high unless asserted low to indicate 


an external bus cycle. Placed in high-impedance state in the 
hold mode. 
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Table 2-1. TMS320C2x Signal Descriptions (Continued) 


SIGNAL PIN 1/0/zt DESCRIPTION | 
(PGA/PLCCT) 


MULTIPROCESSING SIGNALS 
G11/50 Bus request signal. Asserted when the TMS320C2x requires 
access to an external global data memory space. READY is 
asserted to the device when the bus is available and the 
global data memory is available for the bus transaction. 
HOLD A7/67 Hold input. When asserted, the TMS320C2x places the data, 
| address, and control lines in the high-impedance state. 
HOLDA E10/55 Hold acknowledge signal. Indicates that the TMS320C2x 
has gone into the hold mode and that an external processor 
may access the local external memory of the TMS320C2x. 
SYNC F2/19 - Synchronization input. Allows clock synchronization of two 


or more TMS320C2x’s. SYNC is an active-low signal and 
INTERRUPT AND MISCELLANEOUS SIGNALS 


must be asserted on the rising edge of CLKIN. 
ae — bes 
TACK B11/60 


Branch control input. Polled by BIOQZ instruction. If low, the 
TMS320C2x executes a branch. This signal must be active 
during the BIOZ instruction fetch. 


Interrupt acknowledge signal. Output is only valid while 
CLKOUT1 is low. Indicates receipt of an interrupt and that 
the program is branching to the interrupt-vector location 
indicated by A15-A0. 


INT2 H1/22 External user interrupt inputs. Prioritized and maskable 

INT1 G2/21 by the interrupt mask register and the interrupt mode bit. 

INTO G1/20 

MP/MC AG/1 Microprocessor/microcomputer mode select pin for the 
TMS320C25. When asserted low (microcomputer mode), 
the pin causes the internal ROM to be mapped into the 
lower 4K words of the program memory ee in the micro- 
processor mode, the lower 4K words of_program memory 
are external. On the TMS32020, MPI MC must be con- 
nected to V cc. 


C10/59 


Microstate complete signal. Asserted low and valid only 
during CLKOUT1 low when the TMS320C2x has just com- 
pleted a memory operation, such as an instruction fetch or 
a data memory read/write. MSC can be used to generate a 
one wait-state READY signal for slow memory. 


Reset input. Causes the TMS320C2x to terminate execution 
and forces the program counter to zero. When brought to a 
high levei, execution begins at location zero of program 
memory. RS affects various registers and status bits. 


External flag output (latched software-programmable sig- 


ee — i 
p11 /56 
nal). Used for signalling other processors in multiprocessor 
configurations or as a general-purpose output pin. 


T Pin numbers apply to CER-QUAD as well as PLCC. 
+ Input/Output/High-impedance state 


2-5 


Signal Descriptions - TMS320C2x 


Table 2-1. TMS320C2x Signal Descriptions (Concluded) 


SIGNAL PIN — 1/0/z+ DESCRIPTION | 
(PGA/PLCCT) 


SUPPLY/OSCILLATOR SIGNALS 


A second clock output signal. In this document (and on the 
TMS320C25), CLKOUT2 rises at the beginning of quar- 


CLKOUT1 C11/58 ‘Master clock output signal (CLKIN frequency/4). In this 
. document (and on the TMS320C25), CLKOUT1 rises at the 
beginning of quarter-phase 3 (Q3) and falls at the begin- 
ning of quarter-phase 1 (Q1). See Appendix C for device 
phase definitions. 
CLKOUT2 a 
ter-phase 2 (Q2) and falls at beginning of quarter-phase 4 
(Q4). See Appendix C for device phase definitions. 
A10/61 Four 5-V supply pins, tied together externally. On the 
B10/62 | nMpe enon: pin A6 is also a supply pin. 
H2/23 | 


L6/35 


Vss B1/10 Three eure pins, tied together externally. 
K11/44 
L2/27 
eae G10/51 Lice Output pin from the internal oscillator for the crystal. If a 


crystal is not used, this pin should be left unconnected. 


X2/CLKIN F11/52 input pin. to the internal oscillator from the crystal. If a 
crystal is not used, a clock may be input to the device on this 
pin. 


SERIAL PORT SIGNALS 


CLKR . B9/64 Receive clock input. External clock signal for clocking data 

from the DR (data receive) pin into the RSR (serial port re- 

. ceive shift register). Must be present during serial port 
transfers. 


Transmit clock input. External clock signal for clocking data 
from the XSR (serial port transmit shift register) to the DX 
(data Vansents pin. Must be present during serial port 
transfers. . 


Serial data receive input. Serial data is received in the RSR 
(serial port receive shift register) via the DR pin. 


Serial data transmit output. Serial data transmitted from the 
XSR (serial port transmit shift register) via the DX pin. 
Placed in high-impedance state when not transmitting. 


Frame synchronization pulse for receive input. The falling 
edge of the FSR pulse initiates the data-receive process, 
beginning the clocking of the RSR. 


| Frame synchronization pulse for transmit input/output. The 
falling edge of the FSX pulse initiates the data-transmit 
process, beginning the clocking of the XSR. Following re- 
set, the default operating condition of FSX is as an input. 
This pin may be selected by software to be an output when 
the TXM bit in the status register is set to 1. 


t Pin numbers apply to CER-QUAD as well as PLCC. 
¥ Input/Output/High-impedance state 
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Architecture 


The architectural design of the TMS320C2x (second-generation TMS320) 
emphasizes overall system speed, communication, and flexibility in processor 
configuration. Control signals and instructions provide block memory trans- 
fers, communication to slower off-chip devices, and multiprocessing imple- 
mentations. Increased throughput for many DSP applications is accomplished 
by single-cycle multiply/accumulate instructions, two large on-chip RAM 
blocks, eight auxiliary registers with a dedicated arithmetic unit, a serial port, 
hardware timer, faster 1/O for data-intensive signal processing, and other fea- 
tures. 


Major topics discussed in this section are listed below. 


@® Architectural Overview (Section 3.1 on page 3-3) 

e Functional Block Diagram (Section 3.2 on page 3-6) 
e Internal Hardware Summary (Section 3.3 on page 3-8) 
& 


Memory Organization (Section 3.4 on page 3-12) 
Data memory and program memory 
Memory maps and memory-mapped registers 
Auxiliary registers 
Memory addressing modes 
Memory-to-memory moves 


@ Central Arithmetic Logic Unit (CALC) (Section 3.5 on page 3-22) 
Scaling shifter, ALU, and accumulator 
Multiplier, T and P registers 


8 System Control (Section 3.6 on page 3-28) 
Program counter and stack 
Pipeline operation 
Reset 
Status registers 
Timer operation 
Repeat counter 
Powerdown modes 


@ External Memory and 1|/O Interface (Section 3.7 on page 3-47) 
Memory combinations | 
Internal clock timing relationships 
General-purpose I/O pins (BIO and XF) 


® Interrupts (Section 3.8 on page 3-52) 
Interrupt Operation 
External interrupt interface 
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© Serial Port (Section 3.9 on page 3-56) 
Transmit and receive operations 
Timing and framing control 
Burst mode and continuous mode operation 
® Multiprocessing and Direct Memon Access (Section 3.10 
on page 3-68) 
Synchronization 
Global memory 
The hold function 


Note: 
Throughout this document, “TMS320C25” refers to the TMS320C25, 


TMS320C25-50, and TMS320E25 unless stated otherwise. Where ap- 
plicable, “ROM” includes the on-chip EPROM of the TMS320E25. 
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3.1 Architectural Overview 


The TMS320C2x high-performance digital signal processors, like the 
TMS320C1x devices, implement a Harvard-type architecture that maximizes 
processing power by maintaining two separate memory bus structures, pro- 
gram and data, for full-speed execution. Instructions are included to provide 
data transfers between the two spaces. Externally, the program and data 
memory can be multiplexed over the same bus so as to maximize the address 
range for both spaces while minimizing the pin count of the device. 


Increased flexibility in system design is provided by two large on-chip data 
RAM blocks (a total of 544 16-bit words), one of which is configurable either 
as program or data memory (see Figure 3-1). An off-chip 64K-word directly 
addressable data memory address space is included to facilitate implementa- 
tions of DSP algorithms. 


The large on-chip 4K-word masked ROM on the TMS320C25 can be used to 
cost-reduce systems, thus providing for a true single-chip DSP solution (see 
Figure 3-1). Programs of up to 4K words can be masked into the internal 
program ROM. The remainder of the 64K-word program memory space is lo- 
cated externally. Large programs can execute at full speed from this memory 
space. Programs may also be downloaded from slow external memory to on- 
chip RAM for full-speed operation. | 


The 4K-word on-chip EPROM on the TMS320E25 allows realtime code de- 
velopment and modification for immediate evaluation of system performance. 
Instructions can be executed from the EPROM at full speed. The EPROM is 
equipped with a security mechanism allowing the user to protect proprietary 
information. A programming adaptor socket is available from Texas Instru- 
ments that provides 68- to 28-pin conversion for programming with standard 
PROM programmers. Refer to Appendix E for details. 
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Figure 3-1. TMS320C2x Simplified Block Diagram 


¢ DATA (16) 


MULTIPROCESSOR 
INTERFACE 


SERIAL INTERFACE 


ADDRESS (16) 


The TMS320C2x performs two’s-complement arithmetic using the 32-bit ALU 
and accumulator. The ALU is a general-purpose arithmetic unit that operates 
using 16-bit words taken from data RAM or derived from immediate in- 
structions or using the 32-bit result of the multiplier’s product register. In 
addition to the usual arithmetic instructions, the ALU can perform Boolean 
operations, providing the bit manipulation ability required of a high-speed 
controller. The accumulator stores the output from the ALU and is the second 
input to the ALU. The accumulator is 32 bits in length and is divided into a 
high-order word (bits 31 through 16) and a low-order word (bits 15 through 
Q). Instructions are provided for storing the high- and low-order accumulator 
words in memory. | 


The multiplier performs a 16 x 16-bit two’s-complement multiplication with a 
32-bit result in a single instruction cycle. The multiplier consists of three ele- 
ments: the T Register, P Register, and multiplier array. The 16-bit T Register 
temporarily stores the multiplicand; the P Register stores the 32-bit product. 
Multiplier values either come from data memory, from program memory when 
using the MAC/MACD instructions, or are derived immediately from the 
MPYK (multiply immediate) instruction word. The fast on-chip multiplier al- 
lows the device to efficiently perform fundamental DSP operations such as 
convolution, correlation, and filtering: 


The TMS320C2x scaling shifter has a 16-bit input connected to the data bus 
and a 32-bit output connected to the ALU. The scaling shifter produces a 
left-shift of 0 to 16 bits on the input data, as programmed in the instruction. 
The LSBs of the output are filled with zeros, and the MSBs may be either filled 
with zeros or sign-extended, depending upon the state of the sign-extension 
mode bit of status register ST1. Additional shift capabilities enable the pro- 
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cessor to perform numerical scaling, bit extraction, extended arithmetic, and 
overflow prevention. 


The TMS320C2x local memory interface consists of a 16-bit parallel data bus 
(D15-D0O), a 16-bit address bus (A15-A0), three pins for data/program 
memory or I/O space select (DS, PS, and [S), and various system control sig- 
nals. The R/W signal controls the direction of a data transfer, and the STRB 
signal provides a timing signal to control the transfer. When using on-chip 
program RAM, ROM/EPROM, or high-speed external program memory, the 
TMS320C2x runs at full speed without wait states. The use of a READY sig- 
nal allows wait-state generation for communicating with slower off-chip 
memories. 


Up to eight levels of hardware stack are provided for saving the contents of 
the program counter during interrupts and subroutine calls. Instructions are 
available for saving the device’s complete context. PUSH and POP in- 
structions permit a level of nesting restricted only by the amount of available 
RAM. The interrupts used in these devices are maskable. 


All control operations are supported on the TMS320C2x by an on-chip 
memorymapped 16-bit timer, a repeat counter, three external maskable user 
interrupts, and internal interrupts generated by serial port operations or by the 
timer. A built-in mechanism protects from those instructions that are repeated 
or become multicycle due to the READY signal and from holds and interrupts. 


An on-chip full-duplex serial port provides direct communication with serial 
devices such as codecs, serial A/D converters, and other serial systems. The 
interface signals are compatible with codecs and many other serial devices 
with a minimum of external hardware. The two serial port memory-mapped 
registers (the data transmit/receive registers) may be operated in either an 
8-bit byte or 16-bit word mode. Each register has an external clock input, a 
framing synchronization input, and associated shift registers. 


Serial communication can be used between processors in multiprocessing 
applications. The TMS320C2x has the capability of allocating global data 
memory space and communicating with that space via the BR (bus request) 
and READY control signals. The 8-bit memory-mapped global memory allo- 
cation register (GREG) specifies up to 32K words of the TMS320C2x data 
memory as global external memory. The contents of the register determine the 
size of the global memory space. if the current instruction addresses an oper- 
and within that space, BR is asserted to request control of the bus. The length 
of the memory cycle is controlled by the READY line. 


The TMS320C2x supports Direct Memory Access (DMA) to its external 
program/data memory using the HOLD and HOLDA signals. Another processor 
can take complete control of the TMS320C2x external memory by asserting 
HOLD low. This causes the TMS320C2x to place its address, data, and control 
lines in the high-impedance state. Signaling between the external processor 
and the TMS320C2x can be performed using interrupts. On the TMS320C25, 
two modes are available: a TMS32020-like mode in which execution Is sus- — 
pended during assertion of HOLD, and a concurrent DMA mode in which the 
TMS320C25 continues to execute its program while operating from internal 
RAM or ROM, thus greatly increasing throughput in data-intensive applica- 
tions. : 
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3.2 Functional Block Diagram 
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The functional block diagram shown in Figure 3-2 outlines the principal 
blocks and data paths within the TMS320C2x processors. Further details of 
the functional blocks are provided in the succeeding sections. Refer to Section 
3.3, the internal hardware summary, for definitions of the symbols used in 
Figure 3-2. The block diagram also shows ali of the TMS320C2x interface 
pins. Note that the shaded areas on the block diagram indicate enhancements 
provided on the TMS320C25. | 


The TMS320C2x architecture is built around two major buses: the program 
bus and the data bus. The program bus carries the instruction code and im- 
mediate operands from program memory. The data bus interconnects various 
elements, such as the Central Arithmetic Logic Unit (CALU) and the auxiliary 
register file, to the data RAM. Together, the program and data buses can carry 
data from on-chip data RAM and internal or external program memory to the 
multiplier in a single cycle for multiply/accumulate operations. 


The TMS320C2x has a high degree of parallelism; e.g., while the data is being 
operated upon by the CALU, arithmetic operations may also be implemented 
in the Auxiliary Register Arithmetic Unit (ARAU). Such parallelism results in 
a powerful set of arithmetic, logic, and bit-manipulation operations that may 
all be performed in a single machine cycle. 
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Figure 3-2. TMS320C2x Block Diagram 
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3.3 Internal Hardware Summary 
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The TMS320C2x internal hardware implements functions that other proces- 
sors typically perform in software or microcode. For example, the device 
contains hardware for single-cycle 16 x 16-bit multiplication, data shifting, 
and address manipulation. This hardware-intensive approach provides com- 
puting power previously unavailable on a single chip. 


Table 3-1 presents a summary of the TMS320C2x internal hardware. This 
summary table, which includes the internal processing elements, registers, and 
buses, is alphabetized within each functional grouping. All of the symbols 
used in this table correspond to the symbols used in the block diagram of 
Section 3.2, the succeeding block diagrams in this section, and the text 
throughout this document. 
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Table 3-1. TMS320C2x Internal Hardware 


UNIT SYMBOL | FUNCTION 
Accumulator ACC (31-0) | A 32-bit accumulator split in two halves: ACCH (accu- 
ACCH(31-16)| mulator high) and ACCL (accumulator low). Used for 
ACCL(15-0) | storage of ALU output. 
Arithmetic Logic Unit ALU A 32-bit two’s-complement arithmetic logic unit having 
two 32-bit input ports and one 32-bit output port feeding 
the accumulator. 


Auxiliary Register File 


Auxiliary Register ARAU A 16-bit unsigned arithmetic unit used to perform oper- 
Arithmetic Unit ations on auxiliary register data. 
ARO-AR7 A register file containing five/eight 16-bit auxiliary 
(15-0) registers (ARO-AR7), used for addressing data memory, 
temporary storage, or integer arithmetic processing 
through the ARAU. 
Auxiliary Register Pointer | ARP(2-0) A 3-bit register used to select one of five/eight. auxiliary 
registers. 
| Auxiliary Register Pointer | ARB(2-0) A 3-bit register used to buffer the ARP. Each time the 
Buffer ARP is loaded, the old value is written to the ARB, except 
during an LST (load status register) instruction. When the 
into ARP. 
Central Arithmetic Logic CALU The grouping of the ALU, multiplier, accumulator, and 
Unit ; scaling shifter. , 
Data Memory Address DAB(15-0) | A 16-bit bus that carries the data memory address. 
Bus 
| Data Memory Page DP(8-0) A 9-bit register pointing to the address of the current 
Pointer page. Data pages are 128 words each, resulting in 512 
pages of addressable data memory space (some locations 


Auxiliary Register File AFB(15-0) | A 16-bit bus that carries data from the AR pointed to by 
Bus , the ARP. | 
ARB is loaded with an LST1, the same value is also copied 
D(15-0) | A 16-bit bus used to route data. | 
are reserved). : 


Direct Data Memory DRB(15-0) | A 16-bit bus that carries the ‘direct’ address for the data 
Address Bus | memory, which is the concatenation of the DP register 
with the seven LSBs of the instruction. 
Global Memory GREG(7-0) | An 8-bit memory-mapped register for allocating the size 
Allocation Register of the global memory space. | 
Instruction Register . iR(15-0) A 16-bit register used to store the currently executing in- 
struction. 


Interrupt Flag Register IFR(5-0) A §-bit flag register used to latch the active-low external 

: user interrupts INT(2-0) and the internal interrupts 
XINT/RINT (serial port transmit/receive) and TINT (timer) 
interrupts. The IFR is not accessible through software. 


Interrupt Mask Register IMR(5-0) A 6-bit memory-mapped register used to mask interrupts. 
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Table 3-1. TMS320C2x Internal Hardware (Continued) 


UNIT SYMBOL FUNCTION 


Microcall Stackt MCS (15-0) | A single-word stack that temporarily stores the contents 
of the PFC while the PFC is being used to address data 
memory with the block move (BLKD/BLKP), multiply- 
accumulate (MAC/MACD), and table read/write (TBLR/ - 
TBLW) instructions. , 


Multiplier MULT A 16 x 16-bit parallel multiplier. 
Period Register PRD (15-0) | A 16-bit memory-mapped register used to reload the timer. 


Prefetch Countert PFC (15-0) | A 16-bit counter used to prefetch program instructions. 
The PFC contains the address of the instruction currently 
being prefetched. It is updated when a new prefetch is 
initiated. The PFC is also used to address program memory 
when using the block move (BLKP), multiply-accumulate 
(MAC/MACD), and table read/write (TBLR/TBLW) in- 
structions and to address data memory when using the 
block move (BLKD) instruction. 


A 32-bit product register used to hold the multiplier pro- 
duct. The PR on the TMS320C25 can also be accessed as 
the most or least significant words using the SPH/SPL 
(store P register high/low) instructions. 


PR(31-0) 


A 16-bit bus used to route instructions (and data for the 
MAC and MACD instructions). 


Product Register 
A 16-bit program counter used to address program mem- 
ory. The PC always contains the address of the next in- | 
struction to be executed. The PC contents are updated 
following each instruction decode operation. On the 


TMS32020, the operations of the TMS320C25 prefetch 


Program Counter PC (15-0) 
counter are performed by the program counter. 


Program Memory Address| PAB(15-0) | A 16-bit bus that carries the. program memory address. _ 
Bus 
Queue Instruction OIR(15-0) A 16-bit register used to store prefetched instructions. 
Registert | 
Random Access Memory RAM (BO) A RAM block with 256 x 16 locations configured either 
as data or program memory. 


(data or program) 
A data RAM block, organized as 256 x 16 locations. 


Random Access Memory RAM (B1) 
(data only) | 


Random Access Memory RAM (B2) A data RAM block, organized as 32 x 16 locations. 

(data only) | : 

Repeat Counter RPTC (7-0) | An 8-bit counter to control the repeated execution of a 
single instruction. a 

Serial Port Data DRR(15-0) | A 16-bit memory-mapped serial port data receive 

Receive Register register. Only the eight LSBs are used in the byte mode. 

Serial Port Data | DXR(15-0) 

Transmit Register 


RSR(15-0) 


A 16-bit memory-mapped serial port data transmit 
register. Only the eight LSBs are used in the byte mode. 


| A 16-bit register used to shift in serial port data from the 
RX pin. RSR contents are sent to the DRR after a serial 
transfer is completed. RSR is not directly accessible 
through software. : 


tSpecific to TMS320C25 and TMS320E25. 


Serial Port Receive 
Shift RegistertT 
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Table 3-1. TMS320C2x Internal Hardware (Concluded) 


UNIT SYMBOL FUNCTION 


Serial Port Transmit XSR(15-0) | A 16-bit register used to shift out serial port data onto 
Shift RegistertT the DX pin. XSR contents are loaded from DXR at the be- 
ginning of a serial port transmit operation. XSR is not di- 
— «| 
Stack Stack(15-0) | A 4/8 x 16 hardware stack used to store the PC during 
interrupts or calls. The ACCL and data memory values may 
also be pushed onto and popped from the stack. 


rectiy accessible through software. 
Shifters are located at the ALU input, the accumulator 
Status Registers STO,ST1 Two 16-bit status registers that contain status and 
(15-0) control bits. | 
Temporary Register TR(15-0) A 16-bit register that holds either an operand for the mul- 
| tiplier or a shift code for the scaling shifter. 


output, and the product register output. An in-place shifter 
TIM (15-0) | A 16-bit memory-mapped timer (counter) for timing con- 
trol. 


is also located within the accumulator. 
tSpecific to TMS320C25 and TMS320E25. 
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3.4 Memory Organization 


3.4.1 Data 


The TMS320C2x provides a total of 544 16-bit words of on-chip data RAM, 
of. which 288 words are always data memory and the remaining 256 words 
may be configured as either program or data memory. The TMS320C25 also 
provides 4K words of maskable program ROM, while the TMS320E25 pro- 
vides 4K words of EPROM. This section explains memory management using 
the on-chip data and program memory, memory maps, memory-mapped reg- 
isters, auxiliary registers, memory addressing modes, and memory-to-memory 
moves. 


Memory 


The 544 words of on-chip data RAM are divided into three separate blocks 
(BO, B1, and B2), as shown in Figure 3-3. Of the 544 words, 256 words 
(block BO) are configurable as either data or program memory by instructions 
provided for that purpose; 288 words (blocks B1 and B2) are always data 
memory. A data memory size of 544 words allows the TMS320C2x to handle 
a data array of 512 words (256 words if on-chip RAM is used for program 
memory), while still leaving 32 locations for intermediate storage. See Section 
3.4.3 for memory map configurations. 


The TMS320C2x can address a total of 64K words of data memory. The on- 
chip data memory and internally reserved locations are mapped into the lower 
1K words of the data memory space. Data memory is directly expandable up 
to 64K words while still maintaining full-speed operation. A READY line ts 
provided for interface to slower, less-expensive memories, such as DRAMs. 


3.4.2 Program Memory 


On-chip program RAM, ROM/EPROM, or high-speed external program 
memory can be used at full speed with no wait states. Alternatively, the 
READY line can interface the TMS320C2x to slower, less-expensive external 
memory. A total of 64K words of memory space is available. Internal RAM 
block BO can be configured as program memory using instructions for that 
purpose. Execution from this block can be initiated after the memory space 
has been reconfigured. See Section 3.7.1 for a description of instruction ex- 
ecution using various memory configurations. 


Additionally, the TMS320C25 is internally equipped with 4K words of pro- 
grammable ROM. This on-chip program ROM can be mask-programmed at 
the factory with a customer’s program. The TMS320E25 provides a 4K-word, 
on-chip EPROM. Either on-chip ROM or EPROM allows program execution 
at full speed without the need for high-speed external program memory. The 
use of this memory also allows the external data bus to be freed for access of 
external data memory. 
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Figure 3-3. On-Chip Data Memory 


Mapping of the first 4K-word block of off-chip/on-chip program memory is 
user-selectable by means of the MP/MC (microprocessor/microcomputer) pin 
on the TMS320C25. Setting MP/MC to a high maps in the block of off-chip 
memory; holding the pin at a low maps in the block of on-chip ROM. Con- 
sequently, compatible products which depend upon external memory from the 
ROM can be manufactured in a shorter time frame than the TMS320C25. 
- Eventually, the off-chip memory device can be replaced by an on-chip memory 
device at a lower cost since the PC board will not require any modification. 


In another mapping technique, the XF (external flag) pin is used to toggle the 
MP/MC pin by dynamically enabling or disabling the on-chip ROM. Note that 
care must be taken and the instruction pipeline operation (see Section 3.6.2) 
must be understood when using this method. 


The MP/MC pin on the TMS320C25 is a Vcc pin on the TMS32020. This 
allows substitution of a TMS320C25 for a TMS32020 since the TMS320C25 
automatically operates in the microprocessor mode and therefore is plug-in 
compatible in the system. See Section 2 for pinouts and signal descriptions. 


Architecture - Memory Organization 


3.4.3 Memory Maps 
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The TMS320C2x provides three separate address spaces for program memory, 
data memory, and !|/O, as shown in Figure 3-4. These spaces are distin- 
guished externally by means of the PS, DS, and IS (program, data, and I/O 
space select) signals. The PS, DS, IS, and STRB signals are only active when 
external memory is being addressed. During an internal addressing cycle, these 
signals remain inactive high, thus preventing conflicts in memory addressing, 
e.g., when block BO is configured as program memory. 


The on-chip memory blocks (BO, B1, and B2) consist of a total of 544 words 
of RAM. Program/data RAM block BO (256 words) resides in pages 4 and 5 
of the data memory map when configured as data RAM and at addresses 
OFFOOh to OFFFFh when configured as program RAM. Block B1 (always data 
RAM) resides in pages 6 and 7, while block B2 resides in the upper 32 words 
of page O. Note that the remainder of page O is composed of the memory- 
mapped registers and internally reserved locations, and pages 1-3 of the data 
memory map consist of internally reserved locations. The internally reserved 
locations may not be used for storage, and their contents are undefined when 
read. See Section 3.4.4 for further information on the memory-mapped reg- 
isters. 


The on-chip RAM is mapped into either the 64K-word data memory or pro- 
gram memory space, depending on the memory configuration (see Figure 
3-4). The CNFD/CNFP instructions are used to configure block BO as either 
data or program memory, respectively. The BLKP (block move from program 
memory to data memory) instruction may be used to download program in- 
formation to block BO when it is configured as data RAM. Then a CNFP 
(configure block as program memory) instruction may be used to convert it 
to program RAM (see the code example in Section 5.4.2). Regardless of the 
configuration, the user may still execute from external program memory. Note 
that when accessing internal program memory, external control lines remain 
inactive. 


Reset configures block BO as data RAM. Note that, due to internal pipelining, 
when the CNFD or CNFP instruction is used to remap RAM block BO, there 
is a delay before the new configuration becomes effective. This delay is one 
fetch cycle if execution is from internal program RAM. On the TMS32020, a 
delay of one fetch cycle occurs if execution is from external program memory. 
On the TMS320C25, there is a delay of two fetch cycles if execution is from 
ROM or external program memory. This is particularly important if program 
execution is from the locations around OFFOOh. Accordingly, a CNFP instruc- 
tion must be placed at location OFEFDh in external memory if execution is to 
continue from the first location in block BO. If a CNFP is placed at location 
OFEFDh, and the instruction at location OFEFFh is a two-word instruction, the 
second word of the instruction will be fetched from the first location in block 
BO. If execution is from above location OFFOOh and block BO is reconfigured, 
care must be taken to assure that execution resumes at the appropriate point 
in a new configuration. 


The on-chip program ROM can be mapped into the lower 4K words of pro- 
gram memory. This ROM is enabled when MP/MC is set to a logic low. To 
disable the on-chip ROM and use these lower addresses externally, MP/MC 
must be set to a logic high. 
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3.4.4 Memory-Mapped Registers 


The six registers mapped into the data memory space are listed in Table 3-2 
and are shown in the block diagram of Figure 3-2. 


The memory-mapped registers may be accessed in the same manner as any 
other data memory location, with the exception that block moves using the 
BLKD (block move from data memory to data memory) instruction cannot be 
performed from the memory-mapped registers. 


Table 3-2. Memory-Mapped Registers 


REGISTER ADDRESS 
NAME LOCATION DEFINITION 


DRR(15-0) Serial port data receive register 
DXR(15-0) Serial port data transmit register 


TIM(15-0) Timer register 
PRD(15-0) | Period register 
IMR (5-0) Interrupt mask register : 
GREG(7-0) Global memory allocation register 


3.4.5 Auxiliary Registers 


The TMS320C2x provides a register file containing up to eight auxiliary reg- 
isters (ARO-AR7). The TMS32020 has five auxiliary registers, and the 
TMS320C25 has eight. This section discusses each register’s function and 
how an auxiliary register is selected and stored. 


The auxiliary registers may be used for indirect addressing of data memory or 
for temporary data storage. Indirect auxiliary register addressing (see Figure 
4-2) allows placement of the data memory address of an instruction operand 
into one of the auxiliary registers. These registers are pointed to by a three-bit 
auxiliary register pointer (ARP) that is loaded with a value from 0 through 7, 
designating ARO through AR7, respectively. The auxiliary registers and the 
ARP may be loaded either from data memory or by an immediate operand de- 
fined in the instruction. The contents of these registers may also be stored in 
data memory. (Section 4 describes the programming of the indirect address- 
ing mode.) 
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Figure 3-5. Indirect Auxiliary Register Addressing Example 


The auxiliary register file (ARO-AR4 on the TMS32020 and ARO-AR7 on the 
TMS320C25) is connected to the Auxiliary Register Arithmetic Unit (ARAU), 
shown in Figure 3-6. The ARAU may autoindex the current auxiliary register 
while the data memory location is being addressed. Indexing by either +1 or 
by the contents of ARO may be performed. As a result, accessing tables of 
information does not require the Central Arithmetic Logic Unit (CALU) for 
address manipulation, thus freeing it for other operations. 
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Figure 3-6. Auxiliary Register File 


As shown in Figure 3-6, auxiliary register 0 (ARO) or the eight LSBs of the 
instruction registers can be connected to one of the inputs of the ARAU. The 
other input is fed by the current AR (being pointed to by ARP). AR(ARP) re- 
fers to the contents of the current AR pointed to by ARP. The ARAU performs 


the following functions: 
AR(ARP) + ARO — AR(ARP) 


AR(ARP) - ARO — AR(ARP) 
AR(ARP) +1. = 
AR(ARP) - 1 
AR(ARP) + 


AR(ARP) 
AR(ARP) 
AR(ARP) 


4 


Index the current AR by adding a 16-bit 
integer contained in ARO. 

Index the current AR by subtracting a 
16-bit integer contained in ARO. 
Increment the current AR by one. 
Decrement the current AR by one. 
AR(ARP) is unchanged. 
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In addition to the above functions, the ARAU on the TMS320C25 performs 
functions as follows: 


AR(ARP) + IR(7-0) — AR(ARP) Add 8-bit immediate value to the cur- 
rent AR. 

AR(ARP) - IR(7-0) —~ AR(ARP) Subtract 8-bit immediate value from 
the current AR. 


AR(ARP) + rcAROQ -— AR(ARP)  Bit-reversed indexing, add ARO with 
reverse-carry (rc) propagation (see 

| Section 4.1.2). 
AR(ARP) - rcARO -— AR(ARP) _ Bit-reversed indexing, subtract ARO 


with reverse-carry (rc) propagation 
(see Section 4.1.2). 


Although the ARAU is useful for address manipulation in parallel with other 
operations, it may also serve as an additional general-purpose arithmetic unit 
since the auxiliary register file can directly communicate with data memory. 
The ARAU implements 16-bit unsigned arithmetic, whereas the CALU imple- 
ments 32-bit two’s-complement arithmetic. Instructions provide branches de- 
pendent on the comparison of the auxiliary register pointed to by ARP with 
ARO. The BANZ instruction permits the auxiliary registers to also be used as 
loop counters. 


The three-bit auxiliary register pointer buffer (ARB), shown in Figure 3-6, 
provides storage for the ARP on subroutine calls and interrupts. 


3.4.6 Memory Addressing Modes 


The TMS320C2x can address a total of 64K words of program memory and 
64K words of data memory. The on-chip data memory is mapped into the 
64K-word data memory space. The on-chip ROM in the TMS320C25 is 
mapped into the program memory space when in the microcomputer mode. 
The memory maps, which change with the configuration of block BO, are de- 
scribed in detail in Section 3.4.4. 


The 16-bit data address bus (DAB) addresses data memory in one of the fol- 
lowing two ways: 


1) By the direct address bus (DRB) using the direct addressing mode (e.g., 
ADD 10h), or 


2) By the auxiliary register file bus (AFB) using the indirect addressing 
mode (e.g., ADD *). 


Operands are also addressed by the contents of the program counter in the 
immediate addressing mode. 


Figure 3-7 illustrates operand addressing in the direct, indirect, and immediate 
addressing modes. 
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Figure 3-7. Methods of Instruction Operand Addressing 


In the direct addressing mode, the 9-bit data memory page pointer (DP) 
points to one of 512 pages, each page consisting of 128 words. The data 
memory address (dma), specified by the seven LSBs of the instruction, points 
to the desired word within the page. The address on the direct address bus 
(DRB) is formed by concatenating the 9-bit DP with the 7-bit dma. 


In the indirect addressing mode, the currently selected 16-bit auxiliary register 
AR(ARP) addresses the data memory through the auxiliary register file bus 
(AFB). While the selected auxiliary register provides the data memory address 
and the data is being manipulated by the CALU, the contents of the auxiliary 
register may be manipulated through the ARAU. See Figure 3-5 for an ex- 
ample of indirect auxiliary register addressing. The direct and indirect ad- 
dressing modes are described in detail in Section 4.1. 


When an immediate operand is used, it is either contained within the instruc- 
tion word itself or, in the case of 16-bit immediate operands, the word fol- 
lowing the instruction opcode. 


3.4.7 Memory-to-Memory Moves 
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The TMS320C2x provides instructions for data and program block moves and 
for data move functions that efficiently utilize the configurable on-chip RAM. 


The BLKD instruction moves a block within data memory, and the BLKP in- 
struction moves a block from program memory to data memory. When used 
with the repeat instructions (RPT/RPTK), the BLKD/BLKP instructions effi- 
ciently perform block moves from on- or off-chip memory. ; 


Implemented in on-chip RAM, the DMOV (data move) function on the 
TMS320C2x is equivalent to that of the TMS320C1x. DMOV allows a word 
to be copied from the currently addressed data memory location in on-chip 
RAM to the next higher location while the data from the addressed location 
is being operated upon in the same cycle (e.g., by the CALU). An ARAU 
operation may also be performed in the same cycle when using the indirect 
addressing mode. The DMOV function is useful for implementing algorithms 
that use the z"' delay operation, such as convolutions and digital filtering 
where data is being passed through a time window. The data move function 
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can be used anywhere within blocks BO, B1, or B2. It is continuous across the 
boundary of blocks BO and B1 but cannot be used with off-chip data memory. 
The MACD (multiply and accumulate with data move) and the LTD (load T 
register, accumulate previous product, and move data) instructions use the 
data move function. 


The TBLR/TBLW (table read/write) instructions allow words to be transferred 
between program and data spaces. TBLR is used to read words from on-chip 
ROM or off-chip program ROM/RAM into the data RAM. TBLW is used to 
write words from on-chip data RAM to off-chip program RAM. 


3-21 


Architecture - Central Arithmetic Logic Unit 


3.5 Central Arithmetic Logic Unit (CALU) 
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The TMS320C2x Central Arithmetic Logic Unit (CALU) contains a 16-bit 
scaling shifter, a 16 x 16-bit parallel multiplier, a 32-bit Arithmetic Logic Unit 
(ALU), a 32-bit accumulator (ACC), and additional shifters at the outputs of 
both the. accumulator and the multiplier. This section describes the CALU 
components and their functions. Figure 3-8 is a block diagram showing the 
components of the CALU. In the figure, note that SFL and SFR indicate shifts 
to the left or right, respectively. 


The following steps occur in the implementation of a typical ALU instruction: 


1) Data is fetched from the RAM on the data bus, — 

2) Data is passed through the scaling shifter and the ALU where the arith- 
metic is performed, and 

3) The result is moved into the accumulator. 


One input to the ALU is always provided from the accumulator, and the other 
input may be transferred from the Product Register (PR) of the multiplier or 
from the scaling shifter that is loaded from data memory. 


Architecture - Central Arithmetic Logic Unit 


SCALING 


SX SHIFTER 
OR 0 MULTIPLIER 
32 
32 
32 SX 


32 
ALU(32 
ae eee * 
>| ACCH(16 ACCL(16) 0 
745 16 


SFL(O0-7)+¢ SFL(O-7)¢ ) 
| 16 16 


: : DATA BUS sn ep 
Figure 3-8. Central Arithmetic Logic Unit (CALU) 


3.5.1 Scaling Shifter 


The TMS320C2x provides a scaling shifter that has a 16-bit input connected 
to the data bus and a 32-bit output connected to the ALU (see Figure 3-8). 
The scaling shifter produces a left shift of O to 16 bits on the input data, as 
programmed in the instruction. The LSBs of the output are filled with zeros, 
and the MSBs may be either filled with zeros or sign-extended, depending 
upon the status programmed into the SXM (sign-extension mode) bit of sta- 
tus register ST1. 


The TMS320C2x also contains several other shifters, which allow it to perform 
numerical scaling, bit extraction, extended-precision arithmetic, and overflow 
prevention. These shifters are connected to the output of the multiplier and the 
accumulator. 
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3. 5. 2 ALU and Accumulator 
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The TMS320C2x 32-bit ALU and accumulator implement. a wide range of 
arithmetic and logical functions, the majority of which execute in a single 
clock cycle. Once an operation is performed in the ALU, the result is trans- 
ferred to the accumulator where additional operations such as shifting may 
occur. Data that is input to the ALU may be scaled by the scaling shifter. 


The ALU is a general-purpose arithmetic unit that operates on 16-bit words 
taken from data RAM or derived from immediate instructions. In addition to 
the usual arithmetic instructions, the ALU can perform Boolean operations, 
providing the bit manipulation ability required of a high-speed controller. One 
input to the ALU is always provided from the accumulator, and the other input 
may be provided from the Product Register (PR) of the multiplier or the input 
scaling shifter that has fetched data from the RAM on the data bus. After the 
ALU has performed the arithmetic or logical operations, the result is stored in 
the accumulator. 


The 32-bit accumulator (see Figure 3-8) is split into two 16-bit segments for 
storage in data memory: ACCH (accumulator high) and ACCL (accumulator 
low). Shifters at the output of the accumulator provide a left-shift of O to 7 
places on the TMS320C25 and of 0, 1, or 4 places on the TMS32020. This 
shift is performed while the data is being transferred to the data bus for stor- 
age. The contents of the accumulator remain unchanged. When the ACCH 
data is shifted left, the LSBs are transferred from the ACCL, and the MSBs are 
lost. When ACCL is shifted left, the LSBs are zero- ‘filled, and the MSBs are 
lost. 


The TMS320C2x supports floating-point operations for applications requiring 
a large dynamic range. The NORM (normalization) tnstruction is used to nor- 
malize fixed-point numbers contained in the accumulator by performing left 
shifts. The LACT (load accumulator with shift specified by the T register) in- 
struction denormalizes a floating-point number by arithmetically left-shifting 
the mantissa through the input scaling shifter. The shift count, in this case, is 
the value of the exponent specified by the four low-order bits of the T register 
(TR). ADDT and SUBT (add to/subtract from accumulator with shift speci- 
fied by the T register) instructions have also been provided to allow additional 
arithmetic operations. 


The accumulator overflow saturation mode may be programmed through the 
SOVM and ROVM (set/reset overflow mode) instructions. When the accu- 
mulator is in the overflow saturation mode and an overflow occurs, the over- 
flow flag is set and the accumulator is loaded with either the most positive or 
the most negative number depending upon the direction of overflow. The va- 
lue of the accumulator upon saturation is 7FFFFFFFh (positive) or 
80000000h (negative). If the OVM (overflow mode) status register bit is reset 
and an overflow occurs, the overflowed results are loaded into the accumula- 
tor without modification. (Note that logical operations cannot result in over- — 
flow.) . 


The TMS320C2x can execute a variety of branch instructions that depend on 
the status of the ALU and accumulator. These instructions include the BV 
(branch on overflow) and BZ (branch on accumulator equal to zero). In ad- 
dition, the BACC (branch to address in accumulator) instruction provides the 


‘ability to branch to an address specified by the accumulator. Bit test in- 
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structions (BIT and BITT), which do not affect the accumulator, allow the 
testing of a specified bit of a word in data memory. 


The accumulator on the TMS320C25 also has an associated carry bit that is 
set or reset depending on various operations within the device. The carry bit 
allows more efficient computation of extended-precision products and addi- 
tions or subtractions. It is also useful in overflow management. The carry bit 
is affected by most arithmetic instructions as well as the shift and rotate in- 
structions. It is not affected by loading the accumulator, logical operations, or 
other such nonarithmetic or control instructions. It is also not affected by the 
multiply (MPY, MPYK, and MPYU) instructions, but is affected by the accu- 
mulation process in the MAC and MACD instructions. Examples of carry bit 
operation are shown in Figure 3-9. | 


C MSB LSB C MSB LSB 
X FFFF FFFF ACC X 0000 0000 ACC 
rae ee ae | ss: oa ane | 
10000 0000 O FFFF FFFF 
X 7FFFF FFFFE acc Xx 8000 0000 ACC 
+ 1 (OVM=0) - A (OVM=0) 
0 8000 0000 1 7FFF FFFEFE 
1 0000 0000 Acc O FFFF FFFF ACC 
+ OQ (ADDC - 0 (SUBB 
0 000600 0001 INSTRUCTION) .1 FFFF FF F E_ INSTRUCTION) 


Figure 3-9. Examples of TMS320C25 Carry Bit Operation 


The value added to or subtracted from the accumulator, shown in the exam- 
ples of Figure 3-9, may come from either the input scaling shifter or the shifter 
at the output of the P register. The carry bit is set if the result of an addition 
or accumulation process generates a carry, or reset to zero if the result of a 
subtraction generates a borrow. Otherwise, it is reset after an addition or set 
after a subtraction. 


The ADDC (add to accumulator with carry) and SUBB (subtract from accu- 
mulator with borrow) instructions provided on the TMS320C25 use the pre- 
vious value of carry in their addition/subtraction operation (see these 
instructions in Section 4 for more detailed information). 


The one exception to operation of the carry bit, as shown in Figure 3-9, is in 
the use of the ADDH (add to high accumulator) and SUBH (subtract from 
high accumulator) instructions. The ADDH instruction can only set the carry 
bit if a carry is generated, and the SUBH instruction can only reset the carry 
bit if a borrow is generated; otherwise, neither instruction can affect it. 


Two branch instructions, BC and BNC, have been provided for branching on 
the status of the carry bit. The SC, RC, and LST1 instructions can also be used 
to load the carry bit. The carry bit is set to one on a hardware reset. : 


The SFL and SFR (in-place one-bit shift to the left/right) instructions on the 
TMS320C2x and the ROL and ROR (rotate to the left/right) instructions on 
the TMS320C25 implement shifting or rotating of the contents of the accu- 
mulator through the carry bit. The SXM bit affects the definition of the SFR 
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(shift accumulator right) instruction. When SXM = 1, SFR performs an 
arithmetic right shift, maintaining the sign of the accumulator data. When 
SXM = 0, SFR performs a logical shift, shifting out the LSB and shifting in a 
zero for the MSB. The SFL (shift accumulator left) instruction is not affected 
by the SXM bit and behaves the same in both cases, shifting out the MSB and 
shifting in a zero. Repeat (RPT or RPTK) instructions may be used with the 
shift and rotate instructions for multiple shift counts. 


3.5.3 Multiplier, T and P Registers 
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The TMS320C2x utilizes a 16 x 16-bit hardware multiplier, which is capable 
of computing a signed or unsigned 32-bit product in a single machine cycle. 
All multiply instructions, except the MPYU (multiply unsigned) instruction on 
the TMS320C25, perform a signed multiply operation in the multiplier. That 
is, the two numbers being multiplied are treated as two’s-complement num- 
bers, and the result is a 32-bit two’s-complement number. As shown in Figure 
3-8, the following two registers are associated with the multiplier: 


® A 16-bit temporary register (TR) that holds one of the operands for the 
multiplier, and 


e A 32-bit product register (PR) that holds the product. 


The output of the product register can be left-shifted 1 or 4 bits. This is useful 
for implementing fractional arithmetic or justifying fractional products. The 
output of the PR can also be right-shifted 6 bits to enable the execution of 
up to 128 consecutive multiply/accumulates without the possibility of over-_ 
flow. 


An LT (ioad T register) instruction normally loads the TR to provide one op- 
erand (from the data bus), and the MPY (multiply) instruction provides the 
second operand (also from the data bus). A multiplication can also be per- 
formed with an immediate operand using the MPYK instruction. In either 
case, a product can be obtained every two cycles. 


Two multiply/accumulate instructions (MAC and MACD) fully utilize the 
computationa! bandwidth of the multiplier, allowing both operands to be 
processed simultaneously. The data for these operations may reside anywhere 
in internal or external memory, or can be transferred to the multiplier each cy- 
cle via the program and data buses. This provides for single-cycle 
multiply/accumulates when used with repeat (RPT/RPTK) instructions. Note 
that the DMOV portion of the MACD instruction will not function with ex- 
ternal data memory addresses. On the TMS32020, the multiplier and multi- 
plicand must reside in separate on-chip RAM blocks. On the TMS320C25, the 
MAC and MACD instructions can be used with both operands in either inter- 
nal or external memory or one each in on-chip RAM. The SQRA (square/add) 
and SOQRS (square/subtract) instructions pass the same value to both inputs 
of the multiplier for squaring a data memory value. 


The MPYU instruction on the TMS320C25 performs an unsigned multipli- 
cation, which greatly facilitates extended-precision arithmetic operations. The 
unsigned contents of the T register are multiplied by the unsigned contents 
of the addressed data memory location, with the result placed in the P register. 
This allows operands of greater than 16 bits to be broken down into 16-bit 
words and processed separately to generate products of greater than 32 bits. 
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After the multiplication of two 16-bit numbers, the 32-bit product is loaded 
into the 32-bit Product Register (PR) on the TMS320C2x. The product from 
the PR may be transferred to the ALU. 


Four product shift modes (PM) are available at the Product Register (PR) 
Output, which are useful when performing multiply/accumulate operations, 
fractional arithmetic, or justifying fractional products. The PM field of status 
register ST1 specifies the PM shift mode, as shown in Table 3-3. 


Table 3-3. PM Shift Modes 


iF PMis:_[ RESULT 


No shift 


Left shift of 1 bit 
Left shift of 4 bits 
Right shift of 6 bits 


Left shifts specified by the PM value are useful for implementing fractional 
arithmetic or justifying fractional products. For example, the product of either 
two normalized, 16-bit, two’s-complement numbers or two Q15 numbers 
contains two sign bits, one of which is redundant. Q15 format, one of the 
various types of Q format, is a number representation commonly used when 
performing operations on non-integer numbers (see Section 5.6.6 for an ex- 
planation and examples of Q15 representation). The single-bit left-shift 
eliminates this extra sign bit from the product when it ts transferred to the ac- 
cumulator. This results in the accumulator contents being formatted in the 
same manner as the multiplicands. Similarly, the product of either a normal- 
ized, 16-bit, two’s-complement or Q15 number and a 13-bit, two’s- 
complement constant contains five sign bits, four of which are redundant. 
This is the case, for example, when using the MPYK instruction. Here the 
four-bit shift properly aligns the result as it is transferred to the accumulator. 


Use of the right-shift PM value allows the execution of up to 128 consecutive 
multiply/accumulate operations without the threat of an arithmetic overflow, 
thereby avoiding the overhead of overflow management. The shifter can be 
disabled to cause no shift in the product when working with integer or 32-bit 
precision operations. This allows compatibility with TMS320C1x code to be 
maintained. Note that the PM right shift is always sign- extended regardless 
of the state of SXM. 


The four least significant bits of the T register (TR) also define a variable shift 
through the scaling shifter for the LACT/ADDT/SUBT  (load/add- 
to/subtract-from accumulator with shift specified by the TR) instructions. 
These instructions are usefui in floating-point arithmetic where a number 
needs to be denormalized, i.e., floating-point to fixed-point conversion. The 
BITT (bit test) instruction allows testing of a single bit of a word in data 
memory based on the value contained in the four LSBs of the TR. 
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3.6 System Control 


System control on the TMS320C2x is provided by the program counter, 
hardware stack, PC-related hardware, the external reset signal, interrupts (see 
Section 3.8), the status registers, the on-chip timer, and the repeat counter. 
The following sections describe the function of each of these components in 
system control and pipeline operation. © 


3.6.1 Program Counter and Stack 
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The TMS320C2x contains a 16-bit Program Counter (PC) and a hardware 
stack of four (TMS32020) or eight (TMS320C25) locations for PC storage 
(see Figure 3-10). The program counter addresses internal and external pro- 
gram memory in fetching instructions. The stack is used during interrupts and 
subroutines. | 
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TO PROGRAM 
ADDRESS BUS 
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a ratatat ere eteteters. 
eceregece. 


Sette 
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OOO 


{Both TMS320C25 and TMS320E25. 
Four-level stack provided on the TMS32020. 


Figure 3-10. Program Counter, Stack, and Related Hardware 


The program counter addresses program memory, either on-chip or off-chip, 
via the Program Address Bus (PAB). Through the PAB, an instruction is 
fetched from program memory and loaded into the Instruction Register (IR). 
When the IR ts loaded, the PC ts ready to start the next instruction fetch cycle. 
The PC may address on-chip RAM block BO when BO is configured as pro- 
gram memory, or the on-chip ROM provided on the TMS320C25. The PC 
also addresses off-chip program memory through the external address bus 
A15-A0 and the external data bus D15-D0. : 


Data memory is addressed by the program counter during a BLKD instruction, 
which moves data blocks from one section of data memory to another. The 
contents of the accumulator may be loaded into the PC in order to implement 
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“computed GOTO” operations. This can be accomplished using the BACC 
(branch to address in accumulator) or CALA (call subroutine tndirect) in- 
structions. 


To start a new fetch cycle, the PC is loaded either with PC+1 or with a branch 
address (for instructions such as branches, calls, or interrupts). In the case of 
conditional branches where the branch is not taken, the PC is incremented 
once more beyond the location of the branch address. 


The TMS320C2x also has a feature, which allows the execution of the next 
single instruction N+1 times. N is defined by loading an 8-bit counter RPTC 
(repeat counter). If this repeat feature is used, the instruction is executed, and 
the RPTC is decremented until the RPTC goes to zero. This feature is useful 
with many instructions, such as NORM (normalize contents of accumulator), 
MACD (multiply and accumulate with data move), and SUBC (conditional 
subtract). When used with some multicycle instructions, such as MACD, the 
repeat features can result in these instructions effectively executing in a single 
cycle. 


The stack is 16 bits wide and four (TMS32020) or eight (TMS320C25) levels 
deep. The PC stack is accessible through the use of the PUSH and POP in- 
structions. Whenever the contents of the PC are pushed onto the top of the 
stack, the previous contents of each level are pushed down, and the bottom 
(fourth/eighth) location of the stack is lost. Therefore, data will be lost if more 
than four/eight successive pushes occur before a pop. The reverse happens 
On pop operations. Any pop after three/seven sequential pops yields the value 
at the bottom stack level. All of the stack levels then contain the same value. 
Two additional instructions, PSHD and POPD, push a data memory value 
onto the stack or pop a value from the stack to data memory. These in- 
structions allow a stack to be built in data memory for the nesting of 
subroutines/interrupts beyond four/eight levels. 


Note that on the TMS32020, the TBLR/TBLW, MAC/MACD, and 
BLKD/BLKP instructions use one level of the stack. The TMS320C25 contains 
a separate stack, MCS, for use with these instructions; no level of the PC stack 
is used. 


3.6.2 Pipeline Operation 


Instruction pipelining consists of the sequence of external bus operations that 
occurs during instruction execution. The prefetch-decode-execute pipeline is 
essentially invisible to the user, except in some cases where the pipeline must 
be broken (such as for branch instructions). In the operation of the pipeline, 
the prefetch, decode, and execute operations are independent, which allows 
instruction executions to overlap. Thus, during any given cycle, two or three 
different instructions can be active, each at a different stage of completion, 
resulting in the respective two-ievel pipeline on the TMS32020 or the three- 
level pipeline on the TMS320C25. 


The difference in pipeline levels does not necessarily affect instruction exe- 
cution speed, but merely changes the fetch/decode sequence. Most in- 
structions execute in the same number of cycles regardless of whether they 
are executed from internal RAM, ROM, or external program memory. The ef- 
fects of pipelining are included in the instruction cycle timings for the 
TMS32020 and TMS320C25 listed in Appendix D. 
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Additional PC-related hardware (see Figure 3-10) is provided on the 
TMS320C25 to allow three-level pipelining for higher performance. Included 
in the related hardware are the Prefetch Counter (PFC), the 16-bit MicroCall 
Stack (MCS) register, the Instruction Register (IR), and the Queue Instruction 
Register (QiR). 


In the three-level pipeline on the TMS320C25, the PFC contains the address 
of the next instruction to be prefetched. Once an instruction is prefetched, the 
instruction is loaded into the IR, unless the IR still contains an instruction 
currently executing, in which case the prefetched instruction is stored in the 
QIR. The PFC is then incremented, and after the current instruction has 
completed execution, the instruction in the QIR is loaded into the IR to be 
executed. | 


The PC contains the address of the next instruction to be executed, and is not 
used directly in instruction fetch operations, but merely serves as a reference 
pointer to the current position within the program. The PC is incremented as 
each instruction is executed. When interrupts or subroutine call instructions 
occur, the contents of the PC are pushed onto the stack to pea return 
linkage to the previous program context. | | 


The prefetch, decode, and execute operations of the pipeline are independent, 
thus allowing instruction executions to overlap. During any given cycle, three 
different instructions can be active, each at a different stage of completion. 
Figure 3-11 shows the. operation of the three-level pipeline for single-word, 
single-cycle instructions executing from either internal program ROM or ex- 
ternal memory with no wait states. 


CLKOUT1 | | | | | | | 


a Oe ee ee 


decode cg IN as NE 
execute stains Sarasa 


Figure 3-11. Three-Level Pipeline Operation (TMS320C25) 


Pipelining is reduced to two levels when execution is from internal program 
RAM due to the fact that an instruction in internal RAM can be fetched and 
decoded in the same cycle. Thus, separate prefetch and decode Operations are 
not required, as shown in Figure 3-12. | 
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Figure 3-12. Ywo-Level Pipeline Operation 


The following paragraphs describe, in detail, the operation of the TMS320C25 
pipeline. This description, in conjunction with Appendix D, gives sufficient 
information for predicting the operation of the TMS320C25 for hardware in- 
terface optimization, accurate program cycie counting, and simulation model- 
ling. Often it is not necessary to understand the intricate detail of the pipeline 
to design with the TMS320C25. Therefore, if the user is not specifically in- 
terested in these details, it is suggested that this description be skipped. 


The TMS320C25 executes most of its instructions in a single cycle, because 
all the instructions are straight decodes and highly pipelined as opposed to 
microcode. The basic pipeline operation is 3.25 cycles deep where the device 
sequence on any given cycle is fetching the third instruction, decoding the 
second instruction, and executing the first. Figure 3-13 shows the internal 
operation of the TMS320C25 pipeline in reference to quarter phases 1 through 
4 (Q1-Q4). 
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Figure 3-13. TMS320C25 Standard Pipeline Operation 


The TMS320C25 machine cycle, externally referenced by the falling edges of 
the CLKOUT1 signal, consists of four internal cycles (or CLKIN cycles). This 
allows internal operations of the pipeline to execute as fast as 1/4 the machine 
cycle. The sequence of a general instruction execution in the pipeline is 
shown in Table 3-4. 


3-32 


- Architecture - System Control 


Table 3-4. Instruction Pipeline Sequence 


CYCLE | O PHASE _ OPERATION : 


New PC is output on address bus 


Instruction decode 
Instruction decode/ARAU execution 
On-chip RAM access/ARAU execution 


On-chip RAM access/load new AR value/update ARP 
ALU execution 
ALU execution 


1 
External read of instruction 
External read of instruction 
External read of instruction 
3 
Load accumulator 
4 
When using an add instruction (e.g., ADD *+,12,AR4), the device fetches the 
instruction in cycle 1. During Q2 and Q3 of cycle 2, the instruction is de- 
coded. This includes the ALU command decode as well as generation of the 
data operand fetch address. In this case, the address comes from an auxiliary 
register. During Q4 of cycle 2 and Q1 of cycle 3, the operand is fetched from 
the RAM location. The increment of the auxiliary register is performed during 
Q3 and Q4 of cycle 2, and the value is loaded into the auxiliary register in Q1 
of cycie 3. The ARP is also updated in Q1 of cycle 3. During Q2 and Q3 of 
cycle 3, the data is passed through the barrel shifter to execute the 12-bit 
left-shift, and the data is added by the ALU to the contents in the accumulator. 
In Q4 of the third cycle, the ALU result is loaded into the accumulator. The 
status of the ALU operation is loaded into the status register in Q1 of the 


fourth cycle. The bits being loaded into the status register at this time consist 
of the current ALU status and the ARP associated with the next instruction. 


In the case of a store instruction (e.g., SACL *0-,3,AR2), the device operates 
the first two cycles in the same manner as the ADD instruction. In Q1 and. 
Q2 of the third cycle, the data in the accumulator is passed through a barrel 
shifter, left-shifted 3 bits, and zero-filled. The lower 16 bits of the shifted va- 
lue are written to the address specified by the current auxiliary register. During 
Q3 and Q4 of the third cycle, the index register (ARO) is added to the contents 
of the current auxiliary register and loaded back into the current auxiliary reg- 
ister in Q1 of the fourth phase. In Q1 of the fourth cycle, the auxiliary register 
pointer is changed to AR2. There is no execution phase of this instruction. 
Figure 3-14 shows the ADD and SACL instructions operating back-to-back 
in a program sequence. It is assumed that both instructions reside in external, 
zero wait-state memory and that the data resides in on-chip RAM. 
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Figure 3-14. Pipeline Operation of ADD Followed by SACL 


When the device is reading instructions out of on-chip ROM, the basic inter- 
nal operation of the pipeline is the same. The only difference is that the con- 
trol lines (i.e., STRB, PS, and R/W) are inactive. If the device is fetching the 
instructions from on-chip RAM, the pipeline is shortened to 2.5 cycles since 
the device can fetch the instruction in half a cycle as opposed to the full cycle 
required in an external or on-chip ROM fetch. The instruction is fetched dur- 
ing 04 and QO1, then decoded in Q2 and Q3. The rest of the pipeline tracks 
as described above. 


Some operations add additional machine cycles to the instruction execution 
without damaging the integrity of the program or hardware. External wait 
states, multiplexed data bus conflicts, two-word instructions, and program 
counter discontinuities are included in these operations, as described in the 
following paragraphs. 


Wait States. The TMS320C25 is designed to be interfaced to slower ex- 
ternal devices through the use of hardware-generated wait states. This applies 
to the program, data, and !/O memory spaces of the Harvard architecture. 
Wait states are a direct delay on the instruction pipeline. Each wait state in- 
serted during the instruction fetch contributes an additional machine cycle in 
the pipeline execution of the instruction. In addition, any wait state incurred 
when accessing external data or |/O space also contributes an additional ma- 
chine cycle to the pipeline execution of the instruction. This factor applies to 
all instructions. Figure 3-15 describes how the pipeline reacts to wait states 
in external program memory. Note that the wait state added in cycle 2 results 
in a no-execution operation in cycle 4. 
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Figure 3-15. Pipeline Operation with Wait States 


Multiplexed External Data Bus. The external data bus is multiplexed to 
support all three memory spaces of the TMS320C25. Therefore, external 
fetches to multiple spaces in the same instruction add additional machine cy- 
cles to the pipeline execution of the instruction. This is due to the fact that 
the external fetch takes a full cycle whereas the internal equivalent takes two 
quarter phases and can be included in the execution stage of the three-deep 
pipeline. Accessing the data memory space is controlled by setting of the data 
page pointer or the value contained in the auxiliary register used in any in- 
struction. Also affecting the pipeline in this manner is the access of the I/O 
bus or the tables in program memory (i.e., IN, OUT, TBLR, and TBLW). Figure 
3-16 shows how the pipeline processes an instruction with external program 
and data access. 
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Figure 3-16. Pipeline with External Data Bus Conflict 


Two-Word Instructions. All two-word instructions take an additional cy- 


cle to fetch the 16-bit immediate operand following the instruction mnemonic. 
The first set of instructions for which this applies is the long immediate in- 
structions. The instruction mnemonic is followed by a 16-bit immediate op- 
erand to be executed upon in the ALU. The second set:applies to those 
instructions that use the PFC register as a second data addressing unit on 
some optimized instructions, e.g., the multiply/accumulate and block move 
instructions (MAC, MACD, BLKP, and BLKD). In the second set, the extra 
cycle only appears once in a repeat loop. The third set involves conditional 


branches not taken. 
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Program Counter Discontinuities. Since the TMS320C25 is pipelined, a 
change (other than an increment) in the program counter requires that the 
pipeline be flushed. This applies to all branches, subroutine calls, software 
trap, interrupt traps, and return. The pipeline, being three deep, has the next 
instruction already loaded when the branch occurs. At this point, this instruc- 
tion will not affect any data or registers, so it is cleared from the pipeline. 
Therefore, two dead execution cycles are inserted while waiting for the pipe- 
line to reload. The device only takes one additional cycle if the destination of 
the branch is in on-chip RAM block 0. The pipeline is only two-deep in this 
case and only takes one cycle to reload. Figure 3-17 shows a branch from 
normal execution to an address in on-chip RAM, and Figure 3-18 shows an 
example of a return executed from on-chip RAM to a location in off-chip 
memory. 


CYCLE 1 | CYCLE 2 | CYCLE 3 | CYCLE 4 | CYCLE 5 


Figure 3-17. Pipeline Operation of Branch to On-Chip RAM 
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CYCLE 1 | CYCLE 2 | CYCLE 3 | CYCLE 4 | CYCLE 5 


Figure 3-18. Pipeline Operation of RET from On-Chip RAM 


Interrupts are hardware-generated discontinuities to the sequential accessing 
of the program counter. The interrupt is executed based upon instruction ex- 
ecution complete, rather than memory operation complete. The instruction 
that is currently executing at the time of an interrupt executes completely. The 
interrupt traps following the completion of that instruction before the start of 
the execution of the next instruction. In this case, the repeated instruction is 
considered one execution; therefore, the repeat loop finishes before the inter- 
rupt trap is taken. This gives priority to the algorithm over the interrupt service. 
The interrupt operation in reference to the pipeline execution is illustrated in 
the data sheet timing diagrams (see Appendix A). Note that when interrupt 
vectors reside in external memory running with one wait state, there are two 
interrupt acknowledge (IACK) pulses. If this is a problem, the [ACK line should 
be gated with READY. 
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Hardware Aspects of the Pipeline 


Viewing these effects on the pipeline at the hardware level requires additional 
explanation due to the lack of visibility of on-chip operations or optimization 
of the pipeline execution. The following paragraphs describe the effects of 
HOLD/HOLDA, RS, interrupts, accumulator store, on-chip program access, ex- 
ternal data access, and repeats as they are visible from the pins of the device. 
In the cases of RS, interrupts, and HOLD/HOLDA, the effects on the pipeline 
are shown in the data sheet timing diagrams (see Appendix A). 


Reset. The reset interrupt is a totally non-maskable interrupt. When exe- 

- cuted, it stops operation of the pipeline and flushes the unexecuted parts. The 
reset pulse must be at least three CLKOUT cycles wide. After the second 
CLKOUT cycle has completed (before the third rising edge of CLKOUT1), the 
device has brought all outputs into a high-impedance state. After the rising 
edge of RS, the device begins to fetch the reset vector. Since the pipeline is 
empty, it does not execute the reset vector branch until two cycles later. If the 
HOLD line is brought low during the active reset, the device does not start the 
fetch of the reset vector until after the active HOLD is removed, and the device 
deactivates the HOLDA line. When HOLD is activated with RS to allow boot- 
loading of the code, the HOLDA line will go active low in three cycles, regard- 
less of whether or not the RS_ line has gone high. This is useful in that the 
HOLDA line can be used to enable the release of the RS line and guarantee the 
required three-cycle reset. 


Interrupts. The effects of an interrupt become apparent on the hardware 
when a interrupt acknowledge (IACK) signal is valid on the rising edge of 
CLKOUT2. This signifies the fetch of the first word of the interrupt vector. If 
wait states are generated in the memory segment where the interrupt vector 
resides, an additional IACK pulse occurs for each wait state added. If this 
causes a problem with the external interface, IACK can be gated with READY 
to only accept the last interrupt acknowledge pulse. Note that the BIOZ in- 
struction tests the level of the BIO pin during the instruction fetch phase of the 
pipeline. 


Hold/Hold Acknowledge. The hold operation, like that of interrupt, takes 
second priority to algorithm execution; therefore, the hold will not be ac- 
knowledged until after the currently running instruction is completed (a min- 
imum of three cycles). This includes repeated instructions. The next 
instruction, after the final instruction executed before HOLDA, is latched into 
the pipeline and executed two cycles after the HOLDA line goes inactive high. 
The second instruction after the last instruction executed is fetched two cycles 
again after the HOLDA line goes inactive high. If the HM bit of status register 
ST1 is set high, the TMS320C25 stops execution and sits idle until the hold 
is removed. This lowers power consumption by removing the drive of the 
memory address and control lines and also stopping major parts of the internal 
CPU circuits from switching and drawing power. This can be used as a 
hardware powerdown mode. If the HM bit is low, the TMS320C25 continues 
executing any instruction that can be executed with on-chip resources only. 
This means both program and data reside in on-chip memory. The device will 
continue to operate normally unless an off-chip access is required by an in- 
struction, at which time the processor adds wait states until the hold state is 
removed. When running from on-chip resources with HM = 0, the processor 
acknowledges HOLD with HOLDA during a multicycle instruction. 
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On-Chip Program Access. When executing from on-chip resources, the 
pipeline is visible only in the MSC line, which signals microstate complete 
when active low on the rising edge of CLKOUT2. Note that executing from 
on-chip program memory does not allow instruction accessing of external data 
memory to run in a single cycle. The normal operation of the instruction takes 
only two quarter phases of the execution cycle to fetch the on-chip data 
memory, whereas off-chip access requires all four quarter phases. The pipe- 
line is, however, optimized to handle a repeated instruction that accesses ex- 
ternal data memory with only one extra cycle for the first external fetch. 


External Program/Data Access. Visibility of the pipeline when using ex- 
ternal program and data memory requires a monitoring of the MSC, STRB, PS, 
and DS lines. The MSC line indicates at the rising edge of CLKOUT2 whether 
or not the cycle is the beginning of a new instruction fetch; i.e., MSC active 
low indicates the completion of an instruction and the acquisition of another 
instruction. The PS (program select) line indicates that the data bus is cur- 
rently being used to fetch an instruction. A step in the pipeline is not indicated 
since the PS line remains while the pipeline is fetching instructions externally. 
To track the fetches, the STRB line, which frames external accesses, must be 
monitored. 


The PS line being active low does not necessarily mean that the device is 
fetching an instruction. In the cases of table read/write (TBLR/TBLW), 
multiply/accumulate (MAC/MACD), and block transfer (BLKP) instructions, 
the device uses the PS line active low to access tables. 


To monitor external data memory fetches, the user should watch the data se- 
lect (DS) line in conjunction with the STRB line. An active low on the DS line 
indicates the data bus is currently being used to access data memory space. 
This line remains low for two memory fetches in the case of an accumulator 
store followed by an ALU instruction, both operating with off-chip memory. 
However, two STRB pulses will identify the individual access. Likewise, the 
line remains low for many cycles in the case of a repeated instruction. 1/O 
space access operates similarily to data space operation with the OUT and IN 
instructions replacing the save and ALU instruction. 


A clear understanding of this information in conjunction with the data in Ap- 
pendix D of this 7WS320C2x User's Guide should be sufficient to correctly 
predict the operation of the TMS320C25 pipeline. 
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3.6.3 Reset 


Reset (RS) is a non-maskable external interrupt that can be used at any time 
to put the TMS320C2x into a known state. Reset is typically applied after 
powerup when the machine is in a random state. 


Driving the RS signal low causes the TMS320C2x to terminate execution and 
forces the program counter to zero. RS affects various registers and status bits. 
At powerup, the state of the processor is undefined. For correct system op- 
eration after powerup, a reset signal must be asserted low for at least three 
clock cycles to guarantee a reset of the device (see Section 5.1 for other im- 
portant reset considerations). Processor execution begins at location 0, which 
normally contains a B (branch) statement to direct program execution to the 
system initialization routine (also see Section 5.1 for an initialization routine 
example). Section 6.1 provides system control circuitry design examples. 


Upon receiving an RS signal, the following actions take place: 


1) A logic 0 is loaded into the CNF (configuration control) bit in status 
register ST1, causing all RAM to be configured as data memory. 


2) The Program Counter (PC) is set to 0, and the address bus A15- AO is 
driven with all zeroes while RS is low. 


3) The data bus D15-D0 is placed in the high-impedance state. 


4) All memory and I/O space control signals (PS, DS, 1S, R/W, STRB, and 
BR) are de-asserted by setting them to high levels while RS is low. 


5) All interrupts are disabled by setting the INTM (interrupt mode) bit to 
1. (Note that RS is non-maskable.) The interrupt flag register (IFR) is 
reset to all zeroes. 


6) Status bits: 
For all TMS320C2x devices, 0 ~ OV, 1 > XF, 0 > FO, and 0 > TXM. 
Except for the TMS32020, 1 - SXM,0 > PM, 17 HM,1-—>C, and 
1 — FSM. (The remaining status bits on the TMS320C2x are un- 
changed.) 


7) The global memory allocation register (GREG) is cleared to make all 
memory local. 


8) The RPTC (repeat counter) is cleared. 


9) The DX (data transmit) pin is placed in the high-impedance state. Any 
transmit/receive operations on the serial port are terminated, and the 
TXM (transmit mode) bit is reset to a low level. This configures the FSX 
framing pulse to be an input. A transmit/receive operation may be 
started by framing pulses only after the removal of RS. 


10) The TIM register is set to the maximum value (OFFFFh) on reset for both 
the TMS32020 and TMS320C25. The PRD register on the TMS320C25 
is also initialized by reset to OFFFFh. The TMS32020 requires a software 
initialization of the PRD register (see Example 5-1). The TIM register 
begins decrementing only after RS is de-asserted. 


11) The IACK (interrupt acknowledge) signal is generated in the same man- 
ner as a maskable interrupt. 
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12) The state of the RAM is undefined following RS. 


13) The ARB, ARP, DP, IMR, OVM, and TC bits are not initialized by reset. 
Therefore, it is critical that these bits be initialized in software by the user 
following reset. 


Execution starts from location O of program memory when the RS signal is 
taken high. Note that if RS is asserted while in the hold mode, normal reset 
Operation occurs internally, but all buses and control lines remain in the 
high-impedance state. Upon release of HOLD and RS, execution starts from 
location zero. The TMS320C2x can be held in the reset state indefinitely. 


3.6.4 Status Registers 
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Two status registers, STO and ST1, contain the status of various conditions 
and modes. The status registers can be stored into data memory and loaded 
from data memory, thus allowing the status of the machine to be saved and 
restored for interrupts and subroutines. All status bits are written to and read 
from using LST/LST1 and SST/SST1 instructions, respectively (with the ex- 
ception of INTM, which cannot be loaded via an LST instruction). 


Figure 3-19 shows the organization of both status registers, indicating all 
status bits contained in each. Note that the DP, ARP, and ARB registers are 
shown as separate registers in the processor block diagram of Figure 3-2. 
Because these registers do not have separate instructions for storing them into 
RAM, they are included in the status registers. As shown in Figure 3-19, se- 
veral bits in the status registers are reserved and read as logic one’s by the LST 
and LST1 instructions. 


15 14 13 12 11 10 8 7 6 5 4 3 2 1 O 
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15 14 13 12 = 11 
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_ tOn the TMS32020, bits 5, 6, and 9 of ST1 are logic one’s. 


Figure 3-19. Status Register Organization 


Some additional instructions or functions may affect the status bits, as indi- 
cated in Table 3-5. 
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Table 3-5. Status Register Field Definitions 


| FUNCTION | 


Auxiliary Register Pointer Buffer. Whenever the ARP is loaded, the old 
ARP value is copied to the ARB except during an LST instruction. When 
the ARB is loaded via an LST1 instruction, the same value is also copied 
to the ARP. 


Auxiliary Register Pointer. This three-bit field selects the AR to be used in 
indirect addressing. When ARP is loaded, the old ARP value is copied to 
the ARB register. ARP may be modified by memory-reference instructions 
when using indirect addressing, and by the LARP, MAR, and LST in- 
structions. ARP is also loaded with the same value as ARB when an LST1 
instruction is executed. 


ARB 


CNF 


Carry bit. This bit is set to 1 if the result of an addition generates a carry, 
or reset to O if the result of a subtraction generates a borrow. Otherwise, 
it is reset after an addition or set after a subtraction, except if the instruc- 
tion is ADDH or SUBH. ADDH can only set and SUBH only reset the carry 
bit, but cannot affect it otherwise. These instructions will also affect this 
bit: SC, RC, LST1, shift, and rotate. Two branch instructions, BC and 
BNC, have been provided to branch on the status of C. C is set to 1 on 
a reset. 


On-Chip RAM Configuration Control bit. If set to 0, block BO is config- 
ured as data memory; otherwise, block BO is configured as program 
memory. The CNF may be modified by the CNFD, CNFP, and LST1 in- 
structions. RS resets the CNF to 0. . 


Data Memory Page Pointer. The 9-bit DP register is concatenated with 
the 7 LSBs of an instruction word to form a direct memory address of 16 
bits. DP may be modified by the LST, LDP, and LDPK instructions. 


Format bit. When set to 0, the serial port registers are configured as 16-bit 
registers. When set to 1, the port registers are configured to receive and 
transmit eight-bit bytes. FO may be modified by the FORT and LST1 in- 
structions. FO is reset to 0. 


FSMit Frame Synchronization Mode bit. This bit indicates whether the serial port 
operates with or without frame sync pulses. When FSM = 1, the serial 
port operation is initiated following a frame sync pulse on the FSX/FSR 
inputs. When FSM = 0, the FSX/FSR inputs are ignored and the seriai 
port operates continuously with no frame sync pulses required. The bit is 


set to 1 by a reset. 


HMt 


INTM 


Hold Mode bit. When HM = 1, the processor halts internal execution 
when acknowledging an active HOLD. When HM = 0, the processor may 
continue execution out of internal program memory but puts its external 
interface in a high-impedance state. This bit is set to 1 by a reset. 


interrupt Mode bit. When set to 0, all unmasked interrupts are enabled. 
When set to 1, all maskable interrupts_are disabled. INTM is set and reset 
by the DINT and EINT instructions. RS and IACK also set INTM. INTM 
has no effect on the unmaskable RS interrupt. Note that INTM is unaf- 
fected by the LST instruction. 


Overflow Flag bit. As a latched overflow signal, OV is set to 1 when ov- 
erflow occurs in the ALU. Once an overflow occurs, the OV remains set 
until a reset, BV, BNV, or LST instruction clears the OV. 


TBoth TMS320C25 and TMS320E25. 


OV 
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Table 3-5. Status Register Field Definitions (Concluded) 


FIELD —_ FUNCTION | 


Overflow Mode bit. When set to 0, overflowed results overflow normally 
in the accumulator. When set to 1, the accumulator is set to either its most 
positive or negative value upon encountering an overflow. The SOVM and 
ROVM instructions set and reset this bit, respectively. LST may also be 
used to modify the OVM. 


Product Shift Mode. If these two bits are 00, the multiplier’s 32-bit prod- 
uct is loaded into the ALU with no shift. If PM = 01, the PR output is 
left-shifted one place and loaded into the ALU, with the LSBs zero-filled. 
If PM = 10, the PR output is left-shifted by four bits and loaded into the 
ALU, with the LSBs zero-filled. PM = 11 produces a right shift of six bits, 
sign-extended. Note that the PR contents remain unchanged. The shift 
takes place when transferring the contents of the PR to the ALU. PM is 
loaded by the SPM and LST1 instructions. The PM bits are cleared by 
aS | | 


Sign-Extension Mode bit. SXM = 1 produces sign extension on data as it 
is passed into the accumulator through the scaling shifter. SXM = 0 sup- 
presses sign extension. SXM does not affect the definition of certain in- 
structions; e.g., the ADDS instruction suppresses sign extension 
_ regardless of SXM. This bit is set and reset by the SSXM and RSXM in- 
structions, and may also be loaded by LST1. SXM is set to 1 by RS. 


Test/Control Flag bit. The TC bit is affected by the BIT, BITT, CMPR, 
LST1, and NORM instructions. The TC bit is set to a 1 if a bit tested by 
BIT or BITT is a 1, if a compare condition tested by CMPR exists between 
ARO and another AR pointed to by ARP, or if the exclusive-OR function 
of the two MSBs of the accumulator is true when tested by a NORM in- 
struction. Two branch instructions, BBZ and BBNZ, provide branching on 
the status of the TC. 


Transmit Mode bit. TXM = 1 Soames the serial port’s FSX pin to be an 
output. In this mode, a pulse is produced on FSX when DXR is loaded. 
Transmission then starts on the DX pin. TXM = 0 configures the FSX pin 
to be an input. TXM is set and reset_by the STXM and RTXM instructions 
and may also be loaded by LST1. RS resets TXM to 0. 


XF pin status bit. This status bit indicates the state of the XF pin, a gen- 
eral-purpose output pin. XF is set and reset by the SXF and RXF in- 
siructions or may be loaded by LST1. XF is set to 1 by RS. 


3.6.5 Timer Operation 
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~The TMS320C2x provides a memory- mapped 16-bit timer (TIM) register and 


a 16-bit period (PRD) register, as shown in Figure 3-20. The on-chip timer 
is a down counter that is continuously clocked by CLKOUT1 on the 
TMS320C25. The timer on the TMS32020 is clocked by a signal whose fre- 
quency is CLKOUT1/4 or whose period is 4 x CLKOUT1 cycles. 


The TIM register is set to the maximum value (OFFFFh) on reset for both the 
TMS32020 and TMS320C25. The PRD register on the TMS320C25 is also 
initialized by reset to OFFFFh. The TMS32020 requires a software initializa- 
tion of the PRD register (see Example 5-1). The TIM register begins decre- 
menting only after RS is de-asserted. Following this, the TIM and PRD 
registers may be reloaded under program control: See Section 3.6.3 for reset 
information. 
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t The divide ratio where N = 4 on the TMS32020 and N = 1 on the TMS320C25. 


Figure 3-20. Timer Block Diagram 


The TIM register, data memory location 2, holds the current count of the timer. 
At every N x CLKOUT1 cycle where N = 4 on the TMS32020 and N = 1 on 
the TMS320C25, the TIM register is decremented by one. The PRD register, 
data memory location 3, holds the starting count for the timer. A timer inter- 
rupt (TINT) is generated every time the timer decrements to zero. The timer 
is reloaded with the value contained in the period (PRD) register within the 
next cycle after it reaches zero so that interrupts can be programmed to occur 
at regular intervals of (PRD + 1) cycles of CLKOUT1 on the TMS320C25 or 
(4 x PRD) cycles of CLKOUT1 on the TMS32020. This feature is useful for 
control operations and for synchronously sampling or writing to peripherals. 
By programming the PRD register from 1 to 65,535 (OFFFFh), a TINT can be 
generated every 2 to 65,536 cycles on the TMS320C25. Note that, on the 
TMS32020, a TINT can be generated every 4 to 262,140 cycles. A PRD reg- 
ister value of zero is not allowed. 


The timer and period registers can be read from or written to on any cycle. The 
count can be monitored by reading the TIM register. A new counter period can 
be written to the period register without disturbing the current timer count. 
The timer will then start the new period after the current count is complete. If 
both the PRD and TIM registers are loaded with a new period, the timer begins 
decrementing the new period without generating an interrupt. Thus, the pro- 
grammer has complete control of the current and next periods of the timer. 


If the timer is not used, either TINT is to be masked or all maskable interrupts 
are to be disabled by a DINT instruction. The PRD register can then be used 
as a general-purpose data memory location. If TINT is used, the PRD and TIM 
registers are to be programmed before unmasking the TINT. 
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3.6.6 Repeat Counter 


The repeat counter (RPTC) is an 8-bit counter, which when loaded with a 
number N, causes the next single instruction to be executed N + 1 times. The 
RPTC can be loaded with a number from 0 to 255 using either the RPT (re- 
peat) or RPTK (repeat immediate) instructions. This results in a maximum of 
256 executions of a given instruction. RPTC is cleared by reset. 


The repeat feature can be used with instructions such as multiply/accumulates 
(MAC/MACD), block moves (BLKD/BLKP), I/O transfers (IN/OUT), and ta- 
ble read/writes (TBLR/TBLW). These instructions, which are normally multi- 
cycle, are pipelined when using the repeat feature, and effectively become 
single-cycle instructions. For example, the table read instruction may take 
three or more cycles to execute, but when repeated, a table location can be 
read every cycle. Note that not all instructions can be repeated (see Section 
4.3 and Appendix D for more information). 


3.6.7 Powerdown Modes (TMS320C25) 


3-46 


When operated in either of two powerdown modes, the TMS320C25 enters a 
dormant state and requires approximately one-half the power normally needed 
to supply the device (see the data sheet, Appendix A). Depending upon the 
application, one powerdown mode is invoked by executing an IDLE instruc- 
tion while the other mode is invoked by driving the HOLD input low while the ~ 
HM status bit ts set to one. 


While in a powerdown condition, all of the internal contents of the 
TMS320C25 are retained. This allows the operation to continue unaltered 
after the powerdown condition is terminated. If the powerdown mode was 
entered by driving HOLD low with HM = 1, the data and address busses and 


_ the interface control signals (PS, DS, IS, STRB, and R/W) are all maintained in 


high-impedance states. If the mode was entered by the IDLE instruction, only 
the data bus goes to a tri-state condition; address bus and interface control 
signals are maintained in a steady-state condition and can still be driven. In 
accordance with the execution process, the powerdown mode may be termi- 
nated either by removing the HOLD input or by applying an interrupt signal 
during the IDLE operation. For application and other information, refer to the 
descriptions of the IDLE instruction in Section 4 and the hold function in 
Section 3.10.3. 
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3.7 External Memory and I/O Interface 


The TMS320C2x supports a wide range of system interfacing requirements. 
Data, program, and |/O address spaces provide interfacing to memory and I/O, 
thus maximizing system throughput. The local memory interface consists of: 


A 16-bit parallel data bus (D15-D0), 

® A 16-bit address bus (A15-A0), 

@ Data, program, and I/O space select (DS, PS, and IS) signals, and 
@ Various system control signals. | 


The R/W (read/write) signal controls the direction of the transfer, and STRB 
(strobe) provides a timing signal to control the transfer. 


The TMS320C2x |/O space consists of 16 input and 16 output ports. These 
ports provide the full 16-bit parallel |/O interface via the data bus on the de- 
vice. A single input or output operation, using the IN or OUT instructions, 

- typically takes two cycles; however, when used with the repeat counter, the 
operation becomes single-cycle. 


I/O design is simplified by having I/O treated the same way as memory. |/O 
devices are mapped into the I/O address space using the processor's external 
address and data buses in the same manner as memory-mapped devices. 
When addressing internal memory, the data bus must be in the high-impe- 
dance state and the control signals go to an inactive state (logic high). Refer 
to Section 5 for the effect instructions have on |/O. | 


Interfacing to memory and |/O devices of varying speeds is accomplished by 
using the READY line. When communicating with slower devices, the 
TMS320C2x processor waits until the other device completes its function, 
signals the processor via the READY line, and continues execution (see Sec- 
tion 6). 


3.7.1 Memory Combinations 


The exact sequence of operations performed as instructions execute depends 
on the areas in memory where the instructions and operands are located. There 
are eight possible combinations of program and data memory since informa- 
tion can be located in either internal RAM, external memory, or internal 
ROM/EPROM (available on TMS320C25 /TMS320E25). The eight possible 
combinations are: 


Program Internal RAM/ Data Internal (P1/D1) 

Program Internal RAM/Data External (P!/DE) 

Program External/Data Interna! (PE/DI) 

Program External/Data External (PE/DE) 

Program Internal ROM/Data Internal (PR/DI) on the TMS320C25 
Program Internal EPROM/Data Internal (PR/D!) on the TMS320E25 
Program Internal ROM/Data External (PR/DE) on the TMS320C25 
Program Internal EPROM/Data External (PR/DE) on the TMS320E25 
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Appendix D provides cycle timings for instructions both when repeated and 
when not repeated. The following is a summary of program execution, organ- 
ized according to memory configuration. 


Pi/DI or PR/DI When both program and data memory are on- 
chip, the processor runs at full speed with no wait 
states. Note that IN and OUT instructions have 
different cycle timings when program memory is 
internal; IN requires two cycles to execute whereas 
OUT requires only one cycle. 


PE/DI This memory mode can run at full speed if ex- 
ternal program memory is sufficiently fast since 
internal data operations can occur coincident with 
external program memory accesses. If external 
program memory is not fast enough, wait states 
may be generated using the READY input. 


PI/DE, PE/DE, or PR/DE Additional cycles are required to execute in- 
structions that reference an external data memory 
space. At least two cycles are required to execute 
‘read from external data memory’ instructions such 
as ADD, LAR, etc. Further additional cycles may 
be required due. to wait states if external data 
memory is not fast enough to be accessed within 
a single cycle. Note, however, that the 
TMS320C25 has the capability of executing ‘write 
to external data memory’ instructions in a single 
cycle when program memory is internal (two cy- 
cles are required if program memory is also ex- 
ternal). Additional cycles are also required in this 
case if external data memory is not sufficiently fast. 


in all memory configurations where the same bus is used to communicate with 
external data, program, or |/O space, the number of cycles required to execute 
a particular instruction may further vary depending on whether the next in- 
struction fetch is from internal or external program memory. Instruction exe- 
cution and operation of the pipeline are discussed in Section 3.6.2 and in the 
succeeding subsections. 


3.7.2 Internal Clock Timing Relationships 
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The crystal or external clock source frequency is divided to produce an internal 
four-phase clock. The four phases are defined by CLKOUT1 and CLKOUT2, 
as shown in Figure 3-21. In this document (as well as on the TMS320C25 
and TMS320E25), the start of quarter-phase 3 (Q3) is defined as the rising 
edge of CLKOUT1. Refer to Appendix C for device phase definitions. 
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Figure 3-21. Four-Phase Clock 


3.7.3 General-Purpose I/O Pins (BIO and XF) 


The TMS320C2x has two general-purpose pins that are software-controlled. 
The BIO pin is a branch control tnput pin, and the XF pin ts an external flag 
output pin. 


The BIO pin is useful for monitoring peripheral device status. It is especially 
useful as an alternative to using an interrupt when it is necessary not to disturb 
time-critical loops. When the BIO input pin is active (low), execution of the 
BIOZ instruction causes a branch to occur. 


In Figure 3-22, BIO is sampled at the end of 04 (Q2 on the TMS32020). The 
timing diagram shown is for a sequence of single-cycle, single-word in- 
structions without branches located in external memory. Because of variations 
in pipelining due to instructions prior to and following the BIOZ instruction, 
this timing may vary. Therefore, it is recommended that several cycles of setup 
be provided if BIO is to be recognized on a particular cycle. 
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Figure 3-22. BIO Timing Diagram 


savehe XF (external flag) output pin is set to a high level by the SXF (set ex- 
ternal flag) instruction and reset to a low level by the RXF (reset external flag) 
instruction. XF is set high by RS. 


The relationship between the time the SXF/RXF instruction is fetched before 
the XF pin is set or reset is shown in Figure 3-23. As with BIO, the timing 
shown for XF is for a sequence of single-cycle, single-word instructions lo- 
cated in external memory. Actual timing may vary with different instruction 
sequences. 
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CLKOUT1 
STRB 
A15-AO 
: (SXF OR RXF) 2 
fetch ge Neg 5 ge NB Ne 


XF : 
(SXF) __ 
XF | : 
(RXF) : 


_ NOTES: 1. N is the program memory location for the current instruction. 
nN 


2. This example only shows the execution of single-cycle instructions 
fetched from external program memory. 


Figure 3-23. External Flag Timing Diagram 
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3.8 Interrupts 


3.8.1 
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The TMS320C2x has three external maskable user interrupts (INT2-INTO), 
available for external devices that interrupt the processor. Internal interrupts 
are generated by the serial port (RINT and XINT), by the timer (TINT), and 
by the software interrupt (TRAP) instruction. Interrupts are prioritized with 
reset (RS) having the highest priority and the serial port transmit interrupt 
(XINT) having the lowest priority. 


Interrupt Operation 


This subsection details interrupt organization and management. Vector lo- 
cations and priorities for all internal and external interrupts are shown in Table 
3-6. The TRAP instruction, used for software interrupts, is not prioritized but 
is included here since it has its own vector location. Each interrupt address 
has been spaced apart by two locations so that branch instructions can be 
accommodated in those locations if desired. 


Table 3-6. Interrupt Locations and Priorities 


INTERRUPT MEMORY 
| belle — PRIORITY FUNCTION 
Ree 


1 (highest) External reset signal 
2 External user interrupt #0 
External user interrupt #1 


External user interrupt #2 
Reserved locations 
Internal timer interrupt 
Serial port receive interrupt 
7 (lowest) Serial port transmit interrupt 
N/A TRAP instruction address 


When an interrupt occurs, it is stored in the 6-bit Interrupt Flag Register (IFR). 
This register is set by the external user interrupts INT(2-0) and the internal 
interrupts RINT, XINT, and TINT. Each interrupt is stored in the IFR until it is 
recognized, and then automatically cleared by the IACK (interrupt acknowl- 
edge) signal or the RS (reset) signal. The RS_ signal is not stored in the IFR. 
No instructions are provided for reading from or writing to the IFR. : 


The TMS320C2x has a memory-mapped Interrupt Mask Register (IMR) for 
masking external and internal interrupts. The layout of the register is shown 
in Figure 3-24. A 1 in bit. positions 5 through O of the IMR enables the cor- 
responding interrupt, provided that INTM = 0. The IMR is accessible with 
both read and write operations but cannot be read using BLKD. When the 
IMR is read, the unused bits (15 through 6) are read as one’s. The lower six 
bits are used to write to or read from the IMR. Note that RS is not included 
in the IMR, and therefore the IMR has no effect on reset. 


15 14 13 12 1110 9 8 7 6 5 4 3 2 #14 = 0 
| _ RESERVED XINT| RINT] TINT] INT2|INT1 | INTO 


Figure 3-24. Interrupt Mask Register (IMR) 
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The INTM (interrupt mode) bit, which is bit 9 of status register STO, enables 
or disables all maskable interrupts. INTM = O enables ali the unmasked tn- 
terrupts, and !NTM = 1 disables these interrupts. The INTM is set to 1 by the 
IACK (interrupt acknowledge) signal, the DINT instruction, or a reset. This bit 
is reset to O by the EINT instruction. Note that the INTM does not actually 
modify the IMR or IFR. 


The TMS320C2x has a built-in mechanism for protecting multicycle in- 
structions from interrupts. If an interrupt occurs during a multicycle instruc- 
tion, the interrupt is not processed until the instruction is completed. This 
mechanism aiso applies to instructions that become multicycle due to the 
READY signal. | 


In addition, the device does not allow interrupts to be processed when an in- 
struction is being repeated via the RPT or RPTK instructions. The interrupt ts 
stored in the [FR until the repeat counter (RPTC) decrements to zero, and then 
the interrupt is processed. Even if the interrupt is not used while the 
TMS320C2x is processing the RPT or RPTK, the interrupt will still be latched 
by IFR and pending until RPTC decrements to zero. 


lf both the HOLD line and an interrupt go active during a multicycle instruction 
or a repeat loop, the HOLD takes control of the processor at the end of the in- 
struction or loop. When HOLD is released, the interrupt is acknowledged. 


Interrupts cannot be processed between EINT and the next instruction in a 

- program sequence. For example, if an interrupt occurs during an EINT in- 
struction execution, the device always completes EINT as well as the following 
instruction before the pending interrupt is processed. This insures that a RET 
can be executed before the next interrupt is processed, assuming that a RET 
instruction follows the EINT. The state of the machine, upon receiving an in- 
terrupt, may be saved and restored (see Section 5.3.1). 


3.8.2 External Interrupt Interface 


Interrupts may be asynchronously edge- or level-triggered. In the functional 
logic organization for INT(2-0), shown in Figure 3-25, the external interrupt 
_INTO is connected to an edge-triggered flip-flop. The INTO signal is ORed with 
the interrupt edge flip-flop Q output and synchronized with internal quarter- 
phases 1 and 2 to produce an interrupt signal (see Appendix B for phase re- 
lationships on the TMS32020). In this way, the device can handle both 
edge-triggered and level-triggered interrupts. 


Due to the level sensitivity of the external interrupts and the synchronization 
of the interrupts (first on Q2, then on Q1 of the following machine cycle), the 
INT line must be set to an inactive high at least two cycles before the enabling 
interrupts (EINT). If this criteria is not met, the TMS320C25 will immediately 
take the interrupt trap following the EINT plus the next instruction. 


lf the INTM bit and mask register have been properly enabled, the interrupt 
signal is accepted by the processor. An JACK (interrupt acknowledge) signal! 
is then generated. The IACK clears the appropriate interrupt edge flip-flop and 
disables the INTM latch. The logic is the same for INT1 and INT2. 
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Figure 3-25. Internal Interrupt Logic Diagram 


In a typical interrupt ([NT2-INTO) operation, the interrupt is generated by a 
negative-going edge and the IFR bit is set. Since INTM is disabled when the 
interrupt is acknowledged, the level may continue to be present on the INT 
input without generating further interrupts. If the level is removed before an 
EINT instruction is executed, no further interrupts are generated. If a low level 
continues to be present after the EINT, another interrupt is generated after the 
EINT/next instruction sequence. In addition, if the INT pin is pulsed between 
the previous |ACK and EINT, another interrupt is generated after EINT/ RET, 
because the corresponding IFR bit is again set. 


Figure 3-26 shows an interrupt, interrupt acknowledge, and various other 
signals for the special case of single-cycle instructions. An interrupt generated 
during the current (N) fetch cycle still allows the fetch and execution of that 
instruction. The N+1 and N+2 instructions are also fetched, then discarded, 
and the address N+71 is pushed onto the top of the stack. The instruction is 
fetched again upon a return command from the interrupt routine. 
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Three dummy execute cycles occur on an interrupt, as shown in the timing 
diagram for the TMS320C25 (Figure 3-26). The !ACK signal is asserted low 
during CLKOUT1 low when the device initiates a fetch from the interrupt lo- 
cation |. Note that [ACK is a valid signal only when CLKOUT?1 is low. An 
external device can determine which interrupt had occurred by latching the 
address bus value present on A4-A1 with the rising edge of CLKOUT2 when 
TACK is low. 


CLKOUT1 


CLKOUT2 


FETCH Se 
N-2.°:_N—1.:. NN. _: DUMMY : DUMMY : DUMMY - ; 
-_ -N+1 : 
EAECUIE ; : : : - TOP OF 
TACK 


NOTES: 1. N is the program memory location for the current instruction. 
2. | is the interrupt vector location in program memory for the active interrupt. 
3. For simplicity, this example only shows the execution of single-cycle instructions 
fetched from external program memory, rather than multicycle instructions. 


Figure 3-26. Interrupt Timing Diagram (TMS320C25) 
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3.9 Serial Port | 
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A full-duplex on-chip serial port provides direct communication with serial 
devices such as codecs, serial A/D converters, and other serial systems. The 
interface signals are compatible with codecs and many other serial devices 
with a minimum of externa! hardware. The serial port may also be used for 
intercommunication between processors in multiprocessing applications. 


Both receive and transmit operations are double-buffered on the TMS320C25, 
thus allowing a continuous bit stream even if FSX is an output. The use of the 
frame sync mode (FSM) bit provides continuous operation that once initiated 
requires no further frame synchronization pulses. No minimum CLKR/CLKX 
frequency (fmin = O Hz) is required for serial port operation. 


The bits, pins, and registers that control serial port operation are listed in Table 
3-7. Availability of a function on a particular device is also indicated. 


Table 3-7. Serial Port Bits, Pins, and Registers 


| SERIAL PORT BITS/PINS/REGISTERS TMS32020 | TMS320C25 


Format bit Yes Yes 
ae Transmit mode bit Yes Yes 
FSM Frame synchronization mode bit 


CLKX Transmit clock signal ho. 
CLKR_ Receive clock signal 

DX Transmitted serial data signal 

DR Received serial data signal 

FSX Transmit framing synchronization signal 
FSR Receive framing synchronization signal 
Data transmit register 
| DRR_ Data receive register 
Transmit shift register 
Receive shift register 


The serial port uses two memory-mapped registers: the data transmit register 
(DXR) that holds the data to be transmitted by the serial port, and the data 
receive register (DRR) that holds the received data (see Figure 3-27). Both 
registers operate in either the 8-bit byte mode or 16-bit word mode, and may 
be accessed in the same manner as any other data memory location. Each 
register has an external clock, a framing synchronization pulse, and associated 
shift registers. Any instruction accessing data memory can be used to read 
from or write to these registers; however, the BLKD (block move from data 
memory to data memory) instruction cannot be used to read these registers. 
The DXR and DRR registers are mapped into locations 0 and 1 in the data 
address space. The XSR and RSR registers are not directly accessible through 
software. 
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MSB LSB 


000th DXR 


Figure 3-27. The DRR and DXR Registers 


If the serial port is not being used, the DXR and DRR registers can be used 
as general-purpose registers. In this case, the CLKR or FSR should be con- 
nected to a logic Jow to prevent a possible receive operation from being initi- 
ated. 


Three bits in status register ST1 are used to control the serial port operation: 
FO, TXM, and FSM. The FO (format) bit defines whether data to be trans- 
mitted and received is an 8-bit byte or a 16-bit word. If FO = 0, the data is 
formatted in 16-bit words. If FO = 1, the data is formatted in 8-bit bytes. In 
the 8-bit mode, only the eight least-significant bits are used for 
transmit/receive operations. The FO bit is loaded by the FORT (format serial 
port registers) instruction. On reset, FO is set to 0. 


The TXM (transmit mode) bit is used to determine if the frame synchronization 
pulse for the transmit operation is generated externally or internally. If TXM 
= 1, the FSX pin becomes an output pin, and a framing pulse is produced on 
the FSX pin every time the DXR register is loaded. This framing pulse is syn- 
chronized with the rising edge of CLKX. If TXM = 0, the FSX pin becomes 
an input pin. The TMS320C2x then waits for an external synchronization 
pulse before beginning transmission. On a reset, TXM is set to zero, config- 
uring FSX to be an input. The TXM bit can be loaded by the LST1, STXM, 
or RTXM instructions. If DXR on the TMS32020 is loaded before the previous 
word is completely sent, the serial port immediately begins transmitting the 
new word. The bits of the previous word that have not been sent are lost. If 
TXM = 1 on the TMS32020, a new FSX pulse is generated. If TXM = 0, the 
serial port immediately begins transmitting the new word without waiting for 
a new external FSX pulse. 


The FSM (frame synchronization mode) status register bit is used to determine 
whether frame sync pulses are required for each serial port transfer. When 
FSM = 1, frame sync pulses are required; consequently, they are not required 
when FSM = 0. FSM is set by the SFSM (set frame synchronization mode) 
instruction and cleared by the RFSM (reset frame synchronization mode) in- 
struction. When FSM = 1 and frame sync pulses are required, an FSX pulse 
will cause the XSR to be loaded with data from the DXR, and transmission 
will begin. If an FSX is presented prior to the last bit of the current trans- 

_ mission, the XSR will be reloaded from the DXR, thus aborting the current 
transmission and immediately beginning a new one. 


The frame sync mode is useful in communicating to ‘PCM highways.’ For ATT 
T1 and CCITT G711/712 lines, the processor can communicate directly in 
these formats by counting the transmitted/received bytes in software and 
performing SFSM/RFSM instructions as needed to set/reset the FSM bit. 
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3.9.1 Transmit and Receive Operations 


RINT 
DR 


3-58 


(CARRY) | syTE/WORD COUNTER 


The transmit and receive sections of the serial port are implemented separately 
to allow independent transmit and receive operations. Externaily, the serial 
port interface is implemented using the six serial port pins. Figure 3-28 shows 
the registers and pins used in transmit and receive operations. Note that on the 
TMS32020, the DXR and XSR are combined as one single register; the DRR 
and RSR are combined as another single register. 


16 16 
LOAD 
™ fie 
DRR (16) (LOAD) DXR (16) 


(LOAD) 


LOAD 16 
CONTROL 
LOGIC | 


— ser 


RSR (16) 


CLEAR 
CLOCK) BYTE/WORD COUNTER(CARRY) 


‘ 


| XINT 
FSR FSX 

| DX 
CLKR CLKX 


Figure 3-28. Serial Port Block Diagram 


Data is clocked onto the DX pin from the XSR of the TMS320C25 by a CLKX 
signal. Data is clocked into the RSR of the TMS320C25 from the DR pin by 
a CLKR signal. On the TMS32020, the data on the pins is clocked directly 
out of the DXR or into the DRR. CLKX and CLKR are only required to be 
present during actual serial port transfers, and may be stopped when no data 
is being transferred. Data bits can be transferred in either 8-bit bytes or 16-bit 
words. Data is clocked out to DXR on the rising edges of CLKX, while data is 
clocked in from DRR on the falling edges of CLKR. The MSB of the data is 
transferred first. 


The XSR and RSR are connected to the DXR and DRR, respectively. For 
transmit operations, the contents of DXR are transferred to XSR when a new 
transmission begins. For a receive operation, the contents of RSR are trans- 
ferred to DRR when all of the bits have been received. Thus, the serial port is 
double-buffered since data may be transferred to or from the DXR or DRR 
while another transmit or receive operation is being performed. 
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Serial port transfers on the TMS320C25 are generally initiated by a frame sync 
pulse. The exception to this is when the continuous mode of operation is used 
with FSM = 0, as described in a subsequent paragraph. Frame sync pulses are 
input on FSX for transmit operations and on FSR for receive operations. 


The transmit timing diagram is shown in Figure 3-29. The transmit operation 
begins when data is written into the data transmit register (DXR). The 
TMS320C2x begins transmitting data when the frame synchronization pulse 
(FSX) goes low while CLKX is high or going high. The data, starting with the 
MSB, is then shifted out via the DX pin with the rising edge of CLKX. When 
all bits have been transmitted, an internal transmit interrupt (XINT) is gener- 
ated on the rising edge of CLKX. When the serial port is not transmitting, DX 
is placed in the high-impedance state. 


DX and FSX are unaffected by assertion of the HOLD input. Upon assertion 
of HOLD, any serial port transmission in progress on the DX pin is completed 
before DX is placed in the high-impedance state. FSX remains configured as 
either an input or output, remaining low if it is an output. 


esx : ; : 
(TXM=1) : : : 


DX 


XINT 


Figure 3-29. Serial Port Transmit Timing Diagram 


The receive operation is similar to the transmit operation. The receive timing 
diagram is shown in Figure 3-30. Reception Is initiated by a frame synchro- 
nization pulse on the FSR pin. After FSR goes low, data on the DR pin is 
clocked into the RSR register on the TMS320C25 (DRR register on the 
TMS32020) on every negative-going edge of CLKR. The first data bit is 
considered the MSB, and RSR is filled accordingly. After all the bits have 
been received, (as specified by FO), an internal receive interrupt (RINT) ts 
generated on the rising edge of CLKR and the contents of RSR are transferred 
to DRR. , 


Note that on the TMS32020, the DRR should not be read before an RINT is 
received; otherwise, the bits that have not been clocked at the time of the read 
will contain the data from a previous transfer. Similarly, an overrun of the DRR 
register will be prevented by having the DRR read before the next FSR. 
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Figure 3-30. Serial Port Receive Timing Diagram 


3.9.2 Timing and Framing Control 
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Upon completion of a serial port transfer, an internal interrupt is generated. 
The RINT interrupt is generated for a receive operation, and XINT is generated 
for a transmit operation. RINT and XINT are generated on the rising edge of 
CLKR and CLKX, respectively, after the last bit is transferred. Note that if DRR 
is read before a RINT is received, it will contain the data from the previous 
operation. Similarly, if DXR is loaded more than once after an XINT- is gener- 
ated (in the continuous transmission mode), only the last value written will 
be loaded into XSR for the next transmit operation. 


When the TMS320C2x is reset, TXM is cleared to zero, and DX is placed in a 
high-impedance state. Any transmit or receive operation that is in progress 
when the reset occurs is terminated. 


The transmit framing synchronization pulse can be generated internally or ex- 
ternally. The maximum speed of the serial port is 5 MHz. The timing of the 
serial port signals is compatible with the Tl/Intel 29C1x series codecs. The 
timing is also compatible with the AMI. $3506 series codecs if the frame syn- 
chronization signals are inverted. | | 


Serial port transfers on the TMS320C25 are generally initiated by a frame sync 
pulse, except when the continuous mode of operation is used with FSM = 0. 
Frame sync pulses are input on FSX for transmit operations and on FSR for 
receive operations. If FSM = 1, frame sync pulses are required; if FSM = 0, 
they are not required. FSM is set by the SFSM (set frame synchronization 
mode) instruction and cleared by the RFSM (reset frame synchronization 
mode) instruction. 
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3.9.3 Burst-Mode Operation 


In burst-mode serial port operation, transfers are separated in time by periods 
of no serial port activity (the serial port does not operate continuously). For 
burst-mode operation, FSM must be set to one. Timing of the serial port in 
this mode of operation is shown in Figure 3-31 and Figure 3-32. 


CLKX 
FSX 
(TXM=1) 
DX 
(FO=1) 
MSB : ; 5 LSB 
XINT \ 
| | 
DXR DXR 
LOADED RELOADED 


XSR 


XSR 
LOADED RELOADED 
(DURING CLKX LOW) 


Figure 3-31. Burst-Mode Serial Port Transmit Operation 
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Figure 3-32. Burst-Mode Serial Port Receive Operation 


When TXM = 1 (in the transmit operation) and the serial port register DXR ts 
loaded, a framing pulse is generated on the next rising edge of CLKX. XSR is 
loaded with the current contents of DXR while FSX is high and CLKX is low. 
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Transmission begins when FSX goes low while CLKX is high or is going high. 
Figure 3-31 shows the timing for the byte mode (FO = 1). XINT is generated 
on the rising edge of CLKX after all 8 or 16 bits have been transmitted and 
DX is placed in the high-impedance state. If DXR is reloaded before the next 
rising edge of CLKX after XINT, FSX will again be generated as shown, and 
XSR will be reloaded. 


The receive operation is similar to the transmit operation. The contents of RSR 
are loaded into DRR while CLKR is low, just after reception of the last bit sent 
by the transmitting device (see Figure 3-32). RINT is generated on the next 
rising edge of CLKR, and DRR may be read at any time before the reception 
of the final bit of the next transmission. When operating in the byte mode, the 
eight MSBs of the DRR are the contents of the eight LSBs of the DRR prior 
to reception of the current byte, as shown in Figure 3-33 for the TMS320C25. 
On the TMS32020, the most-significant byte is unaffected by successive 8-bit 
receive operations. 


LSB 
Initial 
Conditions 


After 1st Receive 
(Byte ‘A’) 


After 2nd Receive 
(Byte ‘B’) 
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> + - 
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Figure 3-33. Byte-Mode DRR Operation (TMS320C25) 


3.9.4 Continuous Operation Using Frame Sync Pulses (TMS320C25) 
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The TMS320C25 provides two modes of operation that allow the use of a 
continuous siream of serial data. When FSM = 1, frame sync pulses are re- 
quired. Since DXR is double-buffered, continuous operation is achieved even 
if TXM = 1. Writing to DXR during a serial port transmission does not abort 
the transmission in progress, but instead DXR stores that data until XSR can 
be reloaded. As long as DXR is reloaded before the CLKX rising edge on the 
final bit being transmitted, the FSX pulse will go high on the rising edge of 
CLKX during the transmission of the final bit and fall on the next rising edge 


~ when transmission of the word just loaded begins. If DXR is not reloaded 


within this period and FSM = 1, the DX pin will be placed in a high-impe- 
dance state for at least one CLKX cycle until DXR is reloaded (as described in 
the previous section). Figure 3-34 and Figure 3-35 show the timing diagrams 
for the continuous Operation with frame sync pulses. 
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Figure 3-34. Serial Port Transmit Continuous Operation (FSM = 1) 
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Figure 3-35. Serial Port Receive Continuous Operation (FSM = 1) 


Continuous receive operation with FSM = 1 is identical to that of burst-mode 
operation with the exception that FSR is pulsed during reception of the final 
bit. | 
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3.9.5 Continuous Operation Without Frame Sync Pulses (TMS320C25) 
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_ The continuous mode of operation on the TMS320C25 allows transmission 


and reception of a continuous bit stream without requiring frame sync pulses 
every 8 or 16 bits. This mode is selected by setting FSM = 0. 


Figure 3-36 and Figure 3-37 show operation of the serial port for both states 
of TXM to illustrate differences in operation for each case. FSM is initially set 
to one, and frame sync pulses are required to initiate serial transfers. Before the 
completion of the transmission (i.e., before the next serial port interrupt), the 
FSM but must be reset to zero by means of an RFSM (reset FSM) instruction. 
RFSM can occur either before or after the write to DXR or read from DRR. 
From this point on, the FSX and FSR inputs are ignored, with transmission 
occurring every CLKX cycle and reception occurring every CLKR cycle as long 
as those clocks are present. 


If FSX is configured as an output, it will remain low until FSM is set back to 
one and DXR is reloaded. If DXR ts not reloaded with new data every XINT 
(every 8 or 16 CLKX cycles depending on FQ), the last value loaded will be 
transmitted on DX continuously. Note that this is different from the case with 
FSM = 1 where DX is placed into a high-impedance state if DXR ts not re- 
loaded before transmission of the last bit of the current word in XSR. For ex- 
ample, if byte C is not loaded into DXR as indicated in Figure 3-36, bits of 
byte B (B1-B8) will be retransmitted instead of bits of byte C as shown. 


For receive operations, DRR is loaded from RSR (and an RINT is generated) 
every 8 or 16 CLKR cycles (depending on FQ), regardless of whether or not 
DRR has been read. An overrun of DRR is also possible with FSM = 1 if DRR 
is not read before the next RINT. The only way to stop continuous trans- 
mission or reception once started, when FSM = Q, is to either stop CLKX or 
CLKR or to perform an SFSM (set FSM) instruction. 


Continuous transmission without frame sync pulses is very useful in commu- 
nicating directly to telephone system PCM highways. For ATT T1 and CCITT 
G711/712 lines, FSX and FSR pulses are generated only every 24 or 32 bytes. 
By counting the transmitted and received bytes in software after an initial FSX 
or FSR and performing SFSM and RFSM instructions as required, the 

TMS320C25 can easily be made to communicate in these formats. 7 
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Figure 3-36. Serial Port Transmit Continuous Operation (FSM = 0) 


CLKR 


FSR 


DR 
(FO=1) 


RINT 


READ READ DRR 
DRR 7 DRR LOADED 
FROM RSR 
DRR RFSM 
LOADED 
FROM RSR 


Figure 3-37. Serial Port Receive Continuous Operation (FSM = 0) 
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3.9.6 Initialization of Continuous Operation Without Frame Sync Pulses 
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(TMS320C25) 


FSM is normally initialized during an XINT or RINT service routine to enable 
or disable FSX and FSR, respectively, for the next serial port operation. It is 
necessary to start this mode with FSM = 1 so that the first data transferred 
out of the serial port is the data written to the DXR register. Otherwise, the 
serial port starts transmitting the contents of the shift register before loading 
it with the value stored in the DXR register. Upon each completion of a data 
packet transmission, it loads the data contained in the DXR register into the 
shift register and continues transmitting. After the first frame pulse has been 
generated by or sent to the TMS320C25, the FSM bit must be reset to O using 
the RFSM instruction. This must be done before the next serial port interrupt 
to assure continuous transmission. If continuous transmission is stopped via 
software, this initiation sequence must be repeated to restart the continuous 
mode operation. 


As shown in Figure 3-38 and Figure 3-39, RFSM may occur before a write to 
DXR, regardless of the state of TXM. If TXM = 1, FSX is generated in a normal 


manner on the next rising edge of CLKX, but only once. If TXM = 0, the 


TMS320C25 waits to transmit until FSX is pulsed, but from then on, the FSX 
input is ignored. Note that just as in the case of continuous-mode operation 
without sync pulses described in Section 3.9.5, the first data written to DXR 
(byte A) is output twice unless DXR is reloaded before the second trans- 
mission is started. It is important to consider this dummy cycle when using 
continuous-mode serial operation. 


The receive timings are the same as those for the transmit operations with 
TXM = 0. The TMS320C25 waits to receive data until FSR is pulsed, but 
thereafter the FSR input is ignored. No dummy cycle is associated with the 
receive operation due to the post-buffering nature of DRR as opposed to the 
prebuffering nature of DXR. | 
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Figure 3-38. Continuous Transmit Operation Initialization 
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Figure 3-39. Continuous Receive Operation Initialization 
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3.10 Multiprocessing and Direct Memory Access (DMA) 


The flexibility of the TMS320C2x allows configurations to satisfy a wide range 
of system requirements. Some of the eyetom configurations using the 
TMS320C2x are as follows: 


@ A standalone system (single processor), 
A multiprocessor with devices in parallel, 
A host/slave multiprocessor with shared global data memory space, or 


A peripheral processor interfaced using processor-controlled signals to 
another device. 


These system configurations are made possible by three specialized features 
of the TMS320C2x: the synchronization function utilizing the SYNC input, the 
global memory interface, and the hold function implemented with the HOLD 
and HOLDA pins. The following sections describe these functions in detail. 


3.10.1 Synchronization 
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In a multiprocessor environment, the SYNC input can be used to greatly ease 
interface between processors. This input is used to cause each TMS320C2x 
in the system to synchronize their internal clocks, thereby allowing the pro- | 
cessors to run in lock-step operation. 


Multiple TMS320C2x devices are synchronized by using common SYNC and 
external clock inputs. A negative transition on SYNC sets each processor to 
internal quarter-phase one (Q1). This transition must occur synchronously 
with the rising edge of CLKIN. On the TMS320C25, there is a two CLKIN 
cycle delay following the cycle in which SYNC goes low, before the synchro- 
nized Q1 occurs. On the TMS32020, there is no delay. 


The timing diagrams for the SYNC input are shown in Figure 3-40 and Figure 
3-41 for the TMS32020 and TMS320C25, respectively. Note that the internal 
clock timing relationships are different in the TMS32020 and TMS320C25 
(see Appendix C and Section 3.7.2). 
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Figure 3-40. Synchronization Timing Diagram (TMS32020) 
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Figure 3-41. Synchronization Timing Diagram (TMS320C25) 


Normally, SYNC is applied while RS is active. If SYNC is asserted after a reset, 
the following can occur: 


1) | The processor machine cycle is reset to Q1, provided that the timing re- 
quirements for SYNC are met. If SYNC is asserted at the beginning of Q1, 
Q3, or O4, the current instruction is improperly executed. If SYNC is as- 
serted at the beginning of Q2, the current instruction is executed prop- 
erly. 


2) If SYNC does not meet the timing requirements, unpredictable processor 
operation occurs. A reset should then be executed to place the processor 
back in a known state. 


3.10.2 Global Memory 


For multiprocessing applications, the TMS320C2x is capable of allocating 
global data memory space and communicating with that space via the BR (bus 
request) and READY contro! signals. | 


Global memory is memory shared by more than one processor; therefore, ac- 
cess to it must be arbitrated. When using global memory, the processor's ad- 
dress space is divided into local and global sections. The local section is used 
by the processor to perform its individual function, and the global section is 
used to communicate with other processors. — 


_A memory-mapped global memory allocation register (GREG) specifies part 
of the TMS320C2x’s data memory as global external memory. GREG, which 
is memory-mapped at data memory address location 5, is an eight-bit register 
connected to the eight LSBs of the internal D bus. The upper eight bits of lo- 
cation 5 are nonexistent and read as one’s. 


The contents of GREG determine the size of the global memory space. The 

legal values of GREG and corresponding global memory spaces are shown in 

Table 3-8. Note that values other than those listed in the table lead to frag- 
' mented memory maps. 
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Table 3-8. Global Data Memory Configurations | 


LOCAL MEMORY GLOBAL MEMORY 
GREG VALUE _ RANGE # WORDS RANGE # WORDS 


OOO000XX Oh - OFFFFh 65,536 | ----- Somes 

10000000 Oh - O7FFFh } 08000h - OFFFFh 
11000000 Oh - OBFFFh ; OCOOOh - OFFFFh 
11100000 Oh - ODFFFh : OEO0Oh - OFFFFh 
11110000 Oh - OEFFFh : OFOOOh - OFFFFh 


11111000 Oh - OF7FFh © OF800h - OFFFFh 
11111100 Oh - OFBFFh OFCOOh - OFFFFh 
11111110 Oh - OFDFFh : OFEOOh - OFFFFh 
11111111 Oh - OFEFFh ; OFFOOh - OFFFFh 


When a data memory address, either direct or indirect, corresponds to a global 
data memory address (as defined by GREG), BR is asserted low with DS to 
indicate that the processor wishes to make a global memory access. External 
logic then arbitrates for control of the global memory, asserting READY when 
the TMS320C2x has control. The length of the memory cycle is controlled by 
the READY line. One wait-state timing is shown in Figure 3-42. Note that all 
signals not shown have the same timing as in the normal read or write case. 
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Figure 3-42. Global Memory Access Timing 
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3.10.3 The Hold Function 


The TMS320C2x supports Direct Memory Access (DMA) to its local (off- 
chip) program, data, and I/O spaces. Two signals, HOLD and HOLDA, are 
provided to allow another device to take control of the processor's buses. 
Upon receiving a HOLD signal from an external device, the processor ac- 
knowledges by bringing HOLDA low. The processor then places its address 
and data buses as well as all control signals (PS, DS, IS, R/W, and STRB) in the 
high-impedance state. The serial port output pins, DX and FSX, are not af- 
fected by HOLD. Signaling between the external processor and the 
TMS320C2x can be performed using interrupts. 


The timing for the HOLD and HOLDA signals is shown in Figure 3-43. HOLD 
has the same setup time as READY and is sampled at the beginning of quar- 
ter-phase 3 (see Appendix C for phase relationships on the TMS32020). If 
the setup time is met, it takes three machine cycles before the buses and 
control signals go to the high-impedance state. Note that unlike the external 
interrupts (INT2 - INTO), HOLD is not a latched input. The external device must 
keep HOLD low until it receives a HOLDA from the TMS320C2x. 


If the TMS320C2x is in the middie of a multicycle instruction, it will finish the 
instruction before entering the hold state. After the instruction is completed, 
the buses are placed in the high-impedance state. This also applies to in- 
structions that become multicycle due to insertion of wait states or to the use 
of RPT/RPTK instructions. 


After HOLD is de-asserted, program execution resumes from the same point at 
which it was halted. HOLDA is removed synchronously with HOLD, as shown 
in Figure 3-43. If the setup time is met, two machine cycles are required be- 
fore the buses and control signals become valid. 


HOLD is not treated as an interrupt. If the TMS320C2x was executing the IDLE 
instruction before entering the hold state, it resumes executing IDLE once it 
leaves the hold state. . 


The hold function on the TMS320C25 has two distinct operating modes: 


@ A TMS32020-like mode, in which execution is suspended during as- 
sertion of HOLD, and 

e A TMS320C25 concurrent DMA mode, in which the TMS320C25 con- 
tinues to execute its program while operating from internal RAM or 
ROM, thus greatly increasing throughput in data-intensive applications. 


The operating mode is selected by the HM (hold mode) status register bit on 
the TMS320C25. The HOLD signal is pulled low, as shown in the first part of 
Figure 3-43. When HM = 1, the TMS320C25 halts program execution and 
enters the hold state directly. When HM = 0, the processor enters the hold 
state directly, as shown in Figure 3-43, if program execution is from external 
memory or if external data memory is being accessed. If program execution is 
from internal memory, however, and if no external data memory accesses are 
required, the processor enters the hold state externally, but program execution 
continues internally. This allows more efficient system operation since a pro- 
gram may continue executing while an external DMA operation ts being per- 
formed. | 
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Program execution ceases until HOLD is removed if the processor is in a hold 
state with HM = 0 and an internally executing program requires an external 
access, or if the program branches to an external address. Also, if a repeat 
instruction that requires the use of the external bus is executing with HM = 0 
and a hold occurs, the hold state is entered after the current bus cycle. If this 
situation occurs with HM = 1, the hold state will not be entered until the re- 
peat count is completed. HM is set and reset by the SHM (set hold mode) 
and RHM (reset hold mode) instructions, respectively. 


All interrupts are disabled while HOLD is active with HM = 1. If an interrupt 
is received during this period, the interrupt is latched and remains pending. 
Therefore, HOLD itself does not affect any interrupt flags or registers. When 
HM = 0, interrupts function normally. 


CLKOUT‘1 
STRB 


HOLD 


execute 


- HOLDA 


NOTES: 1. N is the program memory location for the current instruction. 
2. This example only shows the execution of single-cycle instructions 
fetched from external program memory. 


Figure 3-43. TMS320C25 Hold Timing Diagram 
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Figure 3-43. TMS320C25 Hold Timing Diagram (Concluded) 
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Section 4 


Assembly Language Instructions 


The TMS320C2x instruction set supports numeric-intensive signal processing 
operations as well as general-purpose applications, such as multiprocessing 
and high-speed control. TMS320C1x source code is upward-compatible with 
TMS320C2x source code. TMS32020 enlce! code is upward-compatible with 
TMS320C25 object code. 


This section describes the assembly language instructions for the TMS320C2x 
microprocessor. Included in this section are the following major topics: 


e Memory Addressing Modes (Section 4.1 on page 4-2) 
Direct addressing 
Indirect addressing (using eight auxiliary registers) 
Immediate addressing 


@ Instruction Set (Section 4.2 on page 4-10) 
Symbols and abbreviations used in the instructions 
Instruction set summary (listed according to function) 


@ Individual Instruction Descriptions (Section 4.3 on page 4-17) 
| Presented in alphabetical order and providing the following: 

- Assembler syntax 

- Operands 

- Execution 

- Encoding 

- Description 

- Words 

- Cycles 

- Repeatability 

- Example(s) 


Note: 
Throughout this document, “TMS320C25” refers to the TMS320C25, 


TMS320C25-50, and TMS320E25 unless stated otherwise. Where ap- 
plicable, “ROM” includes the on-chip EPROM of the TMS320E25. 
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4.1 Memory Addressing Modes 


The TMS320C2x instruction set provides three memory addressing modes: 


e Direct addressing mode 
@ Indirect addressing mode | 
® Immediate addressing mode 


Both direct and indirect addressing can be used to access data memory. Direct 
addressing concatenates seven bits of the instruction word with the nine bits 
of the data memory page pointer to form the 16-bit data memory address. 
Indirect addressing accesses data memory through the auxiliary registers. In 
immediate addressing, the data is based on a portion of the instruction 
word(s). The following sections describe each addressing mode and give the 
opcode formats and some examples for each mode. 


4.1.1 Direct Addressing Mode 
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In the direct memory addressing mode, the instruction word contains the 
lower seven bits of the data memory address (dma). This field is concatenated 
with the nine bits of the data memory page pointer (DP) register to form the 
full 16-bit data memory address. Thus, the DP register points to one of 512 
possible 128-word data memory pages, and the 7-bit address in the instruc- 
tion points to the specific location within that data memory page. The DP 
register is loaded through the LDP (load data memory page pointer), LDPK 
(load data memory page pointer immediate), or LST (load status register STO) 
instructions. 


Note: 


The data page pointer is not initialized by reset and is therefore undefined 
after powerup. The TMS320C2x development tools, however, utilize de- 
fault values for many parameters, including the data page pointer. Because 
of this, programs’ that do not explicitly initialize the data page pointer may 
| execute improperly, depending on whether they are executed on a 

TMS320C2x device or using a development tool. Thus, it is critical that 
all programs initialize the data page pointer in software. 
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Figure 4-1 illustrates how the 16-bit data address is formed. 


7 LSBS FROM 
INSTRUCTION 
REGISTER (IR) 


16-BIT DATA ADDRESS 


Figure 4-1. Direct Addressing Block Diagram 


Direct addressing can be used with all instructions except CALL, the branch 
instructions, immediate operand instructions, and instructions with no oper- 
ands. The direct addressing format is as follows: 


1S 14-13-12 14 10. 9: 8° 7 6. -& A 3. 2. 1 8 


[opcode «PO ime 


Bits 15 through 8 contain the opcode. Bit 7 = O defines the addressing mode 
as direct, and bits 6 through 0 contain the data memory address (dma). 


Example of Direct Addressing Format: 


ADD 9,5 Add to accumulator the contents of data memory location 
9 left-shifted 5 bits. 


15 141312 1110 9 8 7 6 5 4 3 2 1 =O 


000001 01/0/0001 00 1 


The opcode of the ADD 9,5 instruction is O5h and appears in bits 15 through 
8. The notation nnh indicates nn is a hexadecimal number. The shift count 
of 5h appears in bits 11 through 8 of the opcode. The data memory address 
O9h appears in bits 6 through O. | 
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4.1.2 Indirect Addressing Mode 
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The auxiliary registers (AR) provide flexible and powerful indirect addressing. 


_ Five auxiliary registers (ARO-AR4) are provided on the TMS32020, and eight 


auxiliary registers (ARO-AR7) are available on the TMS320C25. To select a 
specific auxiliary register, the Auxiliary Register Pointer (ARP) is loaded with 
a value from 0 through 4 or 7, designating ARO through AR4 or AR7, respec- 
tively (see Figure 4-2). 
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Figure 4-2. Indirect Addressing Block Diagram 


The contents of the auxiliary registers may be operated upon by the Auxiliary 
Register Arithmetic Unit (ARAU), which implements 16-bit unsigned arith- 
metic. The ARAU performs auxiliary register arithmetic operations in the same 
cycle as the execution of the instruction. (Note that the increment or decre- 
ment of the indicated AR is always executed after the use of that AR in the 
instruction. ) 


In indirect addressing, any location in the 64K data memory space can be ac- 
cessed via the 16-bit addresses contained in the auxiliary registers. These may 
be loaded by the instructions LAR (load auxiliary register), LARK (load auxil- 
lary register immediate), and LRLK (load auxiliary register long immediate). 
The auxiliary registers on the TMS320C25 may be modified by ADRK (add to 
auxiliary register short immediate) or SBRK (subtract from auxiliary register 
short immediate). The TMS320C2x auxiliary registers may also be modified 
by the MAR (modify auxiliary register) instruction or, equivalently, by the in- 
direct addressing field of any instruction supporting indirect addressing. 
AR(ARP) denotes the auxiliary register selected by ARP. 
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The following symbols are used in indirect addressing, including bit-reversed 
(BR) addressing: 


* 


Contents of AR(ARP) are used as the data memory address. 


* 


- Contents of AR(ARP) are used as the data memory address, then 
decremented after the access. 


a Contents of AR(ARP) are used as the data memory address, then 
incremented after the access. 


*0- Contents of AR(ARP) are used as the data memory address, and the 
contents of ARO subtracted from it after the access. 


*O+ Contents of AR(ARP) are used as the data memory address, and the 
contents of ARO added to it after the access. 


*BRO- Contents of AR(ARP) are used as the data memory address, and the 
contents of ARO subtracted from it, with reverse carry (rc) propa- 
gation, after the access (TMS320C25). 


*BRO+ Contents of AR(ARP) are used as the data memory address, and the 
contents of ARO added to It, with reverse carry (rc) propagation, af- 
ter the access (TMS320C25). 


There are two main types of indirect addressing with indexing: 


® Regular indirect addressing with increment or decrement, and 


@ Indirect addressing with indexing based on the value of ARO: 
Indexing by adding or subtracting the contents of ARO, or 
Indexing by adding or subtracting the contents of ARO with the 
carry propagation reversed (for FFTs on the TMS320C25). 


In either case, the contents of the auxiliary register pointed to by the ARP re- 
gister are used as the address of the data memory operand. Then, the ARAU 
performs the specified mathematical operation on the indicated auxiliary reg- 
ister. Additionally, the ARP may be loaded with a new value. All indexing op- 
erations are performed on the current auxiliary register in the same cycle as the 
Original instruction. 


Indirect auxiliary register. addressing allows for post-access adjustments of the 
auxiliary register pointed to by the ARP. The adjustment may be an increment 
or decrement by one or based upon the contents of ARO. 


Bit-reversed addressing modes on the TMS320C25 allow efficient |1/O to be 
performed for the resequencing of data points in a radix-2 FFT program. The 
direction of carry propagation in the ARAU Is reversed when this mode is se- 
lected and ARO is added to/subtracted from the current auxiliary register. 
Typical use of this addressing mode requires that ARO first be set to a value 
corresponding to one-half of the array size, and AR(ARP) be set to the base 
address of the data (the first data point). See Section 5.7.4 for an FFT example 
using bit-reversed addressing modes. 
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Indirect addressing can be used with all instructions except immediate oper- 
and instructions and instructions with no operands. The indirect addressing 
format is as follows: 


15 14 13 12 11 10 9 8 


7 6 5 OC 3 2 1 40 
[Opcode St iv inc oec [nan] vy‘ 


Bits 15 through 8 contain the opcode, and bit 7 = 1 defines the addressing 
mode as indirect. Bits 6 through O contain the indirect addressing control bits. 


Bit 6 contains the increment/decrement value (IDV). The IDV determines 
whether ARO will be used to increment or decrement the current auxiliary 
register. If bit 6 = 0, an increment or decrement (if any) by one occurs to the 
current auxiliary register. If bit6 = 1, ARO may be added to or subtracted from 
the current auxiliary register as defined by bits 5 and 4. 


Bits 5 and 4 control the arithmetic operation to be performed with AR(ARP) 
and ARQ. When set, bit 5 indicates that an increment is to be performed. If bit 
4 is set, a decrement is to be performed. Table 4-1 shows the correspondence 
of bit pattern and arithmetic operation. 


Table 4-1. Indirect Addressing Arithmetic Operations 


| BITS | ARITHMETIC OPERATION | 
5 7 


No operation on AR(ARP) 

AR(ARP) - 1 ~ AR(ARP) 

AR(ARP) + 1 ~ AR(ARP) 

Reserved | 

AR(ARP) - ARO > AR(ARP) [reverse carry propagation]T 
AR(ARP) - ARO ~ AR(ARP) 

AR(ARP) + ARO ~ AR(ARP) 

AR(ARP) + ARO > AR(ARP) [reverse carry propagation]t 


tBoth TMS320C25 and TMS320E25. 


“=A SB AB OOO O]D 
-"-oOo- Oo - Oo - OO] & 


Bit 3 and bits 2 through O contro! the Auxiliary Register Pointer (ARP). Bit 3 
(NAR) determines if a new value is loaded into the ARP. If bit 3 = 1, the 
contents of bits 2 through O (Y = next ARP) are loaded into the ARP. If bit 
3 = 0, the contents of the ARP remain unchanged. 


Table 4-2 shows the bit fields, notation, and operation used for indirect ad- 
dressing. For some instructions, the notation in Table 4-2 includes a shift 
code, e.g., *0+,8,3 where 8 is the shift code and Y = 3. 
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Table 4-2. Bit Fields for Indirect Addressing 


INSTRUCTION FIELD BITS NOTATION OPERATION 
15 - 87654321 90 


“Opcode>~ 10000 Y > No manipulation of ARs/ARP 
“Opcode> 1000%1* Y > Y —~ ARP 
“—Opcode> 10010 Y> AR(ARP)-1 — AR(ARP) 


“Opcode> 10011" Y > AR(ARP)-1 ~ AR(ARP) 
Y > ARP 


|“ Opcode> 101005, Y > AR(ARP) +1 > AR(ARP) 


“Opcode> 10101*Y> AR(ARP) +1 > AR(ARP) 


Y ~ ARP 


— Opcode +1100 0“ Y >| *BRO- AR(ARP)-rcARO > AR(ARP)t 


“QOpcode> 1 1001 Y >] *BRO-Y | AR(ARP)-rcARO > AR(ARP) 
) Y > ARPt 


“Opcode> 11010 Y->{ *0- | AR(ARP)-ARO > AR(ARP) 


“Y 
oy 
“O-| 
“Opcode> 11011 Y >| *0-Y AR(ARP)-ARO > AR(ARP) 
| Y > ARP 
“Opcode> 111007 AR(ARP)+ARO > AR(ARP) | 
“Qpcode> 11101 Y >] *0+Y AR(ARP)+ARO > AR(ARP) 
| Y> ARP 
“Opcode> 11 110°Y> AR(ARP)+rcARO > AR(ARP)t 


“Opcode> 1 111 1“ Y >| *BRO+,Y | AR(ARP)+rcARO > AR(ARP) 
Y > ARPT 


TBR = bit-reversed addressing mode and rc = reverse carry propagation (TMS320C25). 


The CMPR (compare auxiliary register with ARO), and BBZ/BBNZ (branch if 
TC bit equal/not equal to zero) instructions facilitate conditional branches 
based on comparisons between the contents of ARO and the contents of 
AR(ARP). 


The auxiliary registers may also be used for temporary storage via the load and 
store auxiliary register instructions, LAR and SAR, respectively. 


The following examples illustrate the indirect addressing format: 


Example 1: 


ADD *+,8 Add to the accumulator the contents of the data memory 
address defined by the contents of the current auxiliary 
register. This data is left-shifted 8 bits before being 
added. The current auxiliary register is autoincremented 
by one. The opcode is O08A0h, as shown below. 


15 141312 1110 9 8 7 6 5 4 3 2 1 +90 


00001 0 0 0j1{0 1000 0 0 
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Example 2: 
ADD *,8 


Example 3: 
ADD *-,8 


Example 4: 
ADD *0+,8 


Example 5: 
ADD *0-,8 


Example 6: 


ADD *+,8,3 


Example 7: 


ADD *BRO-,8 


Example 8: 


ADD *BRO+,8 


As in Example 1, but with no autoincrement; the opcode 
is O880h. | 


As in Example 1, except that the current auxiliary register 
is decremented by one; the opcode is O890h. 


As in Example 1, except that the contents of auxiliary 
register ARO are added to the current auxiliary register; 
the opcode is O8EQOh. 


As in Example 1, except that the contents of auxiliary 
register ARO are subtracted from the current auxiliary re- 
gister; the opcode is O8DOh. 


As in Example 1, except that the auxiliary register pointer 
(ARP) is loaded with the value 3 for subsequent in- 
structions; the opcode is O8ABh. 


The opcode is O8COh. The contents of auxiliary register 
ARO are subtracted from the current auxiliary register with 
reverse carry propagation (TMS320C25). 


The opcode is O8FOh. The contents of auxiliary register 
ARO are added to the current auxiliary register with re- 
verse carry propagation (TMS320C25). 
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4.1.3 Immediate Addressing Mode 


In immediate addressing, the instruction word(s) contains the value of the 
immediate operand. The TMS320C2x has both single-word (8-bit and 13-bit 
constant) short immediate instructions and two-word (16-bit constant) long 
immediate instructions. The immediate operand is contained within the in- 
struction word itself in short immediate instructions. In long immediate in- 
structions, the word following the instruction opcode is used as the immediate 
operand. 


The following short immediate instructions contain the immediate operand in 

the instruction word and execute within a single instruction cycle. The length 

of the constant operand is instruction-dependent. Note that the ADDK, ADRK, 
_~SBRK, and SUBK instructions are available on the TMS320C25. 


ADDK Add to accumulator short immediate (8-bit absolute constant) 
ADRK Add to auxiliary register short immediate (8-bit absolute con- 
— stant) 

LACK Load accumulator short immediate (8-bit absolute constant) 

LARK Load auxiliary register short immediate (8-bit absolute constant) 

LARP Load auxiliary register pointer (3-bit constant) . 

LDPK Load data memory page pointer immediate (9-bit constant) 

MPYK Multiply immediate (13-bit two’s-complement constant) 

RPTK Repeat instruction as specified by immediate value (8-bit con- 
stant) : 

SBRK Subtract from auxiliary register short immediate (8-bit absolute 
constant) 

SUBK Subtract from accumulator short immediate (8-bit absolute 
constant). 


Example of short immediate addressing format: 
RPTK 99 Execute the instruction following this instruction 100 times. 


With the RPTK instruction, the immediate operand is contained as a part of the 
instruction opcode. The instruction format for RPTK is as follows: 


1614131211109 8765 43210 


1100101 4] 8-8 Constant 
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For long immediate instructions, the constant is a 16-bit value in the word 
following the opcode. The 16-bit value can be optionally used as an absolute 
constant or as a two’s-complement value. 


ADLK 


ANDK 
LALK 


LRLK 
ORK 
SBLK 


XORK 


Add to accumulator long immediate with shift (absolute or two’s 
complement) 


AND immediate with accumulator with shift 


Load accumulator long immediate with shift (abaoiute: or two’s 
complement) 


Load auxiliary register long immediate 
OR immediate with accumulator with shift 


Subtract from accumulator long immediate with shift (absolute 
or two's complement) 


Exclusive-OR immediate with accumulator with shift. 


Example of long immediate addressing format: 


ADLK 16384,2 Add to the accumulator the value 16384 with a shift to 


the left of two, effectively adding 65536 to the contents 
of the accumulator. 


The ADLK instruction uses the word following the instruction opcode as the 
immediate operand. The instruction format for ADLK ts as follows: 


15 141312 1110 9 8 7 6 56 4 3 2 1 +90 


01] shh [oo 0000170 


| 16-Bit Constant 
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4.2 Instruction Set 


The following sections list the symbols and abbreviations used in the instruc- 
tion set summary and in the instruction descriptions. The complete instruction 
set summary is organized according to function. A detailed description of each 
instruction is listed in the instruction set summary. 


4.2.1 Symbols and Abbreviations 


Table 4-3 lists symbols and -abbreviations used in the instruction set cummaly 
(Table 4-4) and the individual instruction descriptions. 


Table 4-3. Instruction Symbols 


|SYMBOL}] MEANING 


ACC 


Port address 
Accumulator 

Auxiliary register pointer buffer 

Auxiliary register n (ARO, AR1 assembler symbols equal to 0 or 1) 
Auxiliary register pointer 

4-bit field specifying a bit code 

Branch control input 

Carry bit 

2-bit field specifying compare mode 

On-chip RAM configuration control bit 

Data memory address field 

Label assigned to data memory location n 

Data memory address 

Data page pointer 

Format status bit 

Frame synchronization mode bit 

Hold mode bit 

Addressing mode bit 

Interrupt mode flag bit 

immediate operand field 

Microcall stack 

nrh = hexadecimal number (others are decimal values) 
Overflow mode flag bit 

Overflow mode bit 

Product register 

Port address (PAQ-PA15 assembler symbols equal to 0 through 15) 
Program counter 

Prefetch counter 

2-bit field specifying P register output shift code 
Program memory address 

Label assigned to program memory location n 

3-bit operand field specifying auxiliary register 

Repeat counter 

4-bit left-shift code 

Status register n (STO or ST1) 

Sign-extension mode bit 

Temporary register 

Test control bit 

Top of stack - 

Transmit mode bit 

3-bit accumulator left-shift field 

XF pin status bit 

is assigned to 

An absolute value 

User-defined items 

Optional items 

Contents of 

Alternative items, one of which must be entered 

Blanks or spaces must be entered where shown. 
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4.2.2 Instruction Set Summary 


Table 4-4 shows the instruction set summary for the TMS320C25 processor, 
which is a superset of the TMS320C1x and TMS32020 instruction sets. In- 
cluded in the instruction set are four special groups of instructions to improve 
overall processor throughput and ease of use. 


Extended-precision arithmetic (ADDC, SUBB, MPYU, BC, BNC, SC, 
and RC) 


Adaptive filtering (MPYA, MPYS, and ZALR) 
Control and 1/O (RHM, SHM, RTC, STC, RFSM, and SFSM) 


Accumulator and register (SPH, SPL, ADDK, SUBK, ADRK, SBRK, ROL, 
and ROR). 


The instruction set summary is arranged according to function and alphabet- 
ized within each functional grouping. Additional information is presented in 
the individual instruction descriptions in the following section. The symbol T 
indicates instructions that are specific to the TMS320C2x instruction set. The 
symbol + indicates instructions that are specific to the TMS320C25/E25 _in- 
struction set. 
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Table 4-4. Instruction Set Summary 


ACCUMULATOR MEMORY REFERENCE INSTRUCTIONS | 


Mnemonic and Description 16-Bit Opcode 
MSB LSB 


Absolute value of accumulator 0001 1011 
Add to accumulator with shift |! DDD DDDD 
Add to accumulator with carry | DDD DDDD 
Add to high accumulator . | DDD DDDD 
Add to accumulator short immediate KKKK KKKK 
Add to low accumulator with sign-extension |! DDD DDDD 
suppressed 

Add to accumulator with shift specified 

by T register 

Add to accumulator long immediate 

with shift 

AND with accumulator 

AND immediate with accumulator with shift 
Complement accumulator 

Load accumulator with shift 

Load accumulator short immediate 

Load accumulator with shift specified 

by T register 

Load accumulator long immediate 

with shift 

Negate accumulator 

Normalize contents of accumulator 

OR with accumulator 

OR immediate with accumulator with shift 
Rotate accumulator left 

Rotate accumulator right 

Store high accumulator with shift 

Store low accumulator with shift 

Subtract from accumulator long immediate 
with shift 

Shift accumulator left 

Shift accumulator right 

Subtract from accumulator with shift 
Ssubtract from accumulator with borrow 
Conditional subtract 

Subtract from high accumulator 

Ssubtract from accumulator short immediate 
Subtract from low accumulator with 

sign extension suppressed 

Subtract from accumulator with shift specified 
by T register 

Exclusive-OR with accumulator 1 DDD DDDD 
Exclusive-OR immediate with accumulator 0000 0110 
with shift | | 
Zero accumulator | | 0000 OQOQ0 |} 
Zero jow accumulator and load high accumulator ! DDD DDDD 
Zero low accumulator and load high accumulator | DDD DDDD 
with rounding 

Zero accumulator and load low accumulator | DDD DDDD 
with sign extension suppressed 


— 


| DDD DDDD 


i) 


0000 0010 


| DDD DDDD 
0000 0100 
0010 0111 

|! DDD DDDD 
KKKK KKKK 
| DDD DDDD 


— 2 2 A) 


NO 


0000 0001 


© 
© 


0010 0011 
1010 0010 
| DDD DDDD 
0000 0101 
0011 0100 
0011 0101 
| DDD DDDD 
| DDD DDDD 
0000 0011 


NS ao ok Ge Sea), ee 
=OO0O---0O--— 
— mw or en ot 
OO on rP-oooo°o 
-—-O0O003?00 
NORA] -] MA = 


0001 1000 
0001 1001 
| DDD DDDD 
| DOD DDDD 
! DDD DDDD 
| DDD DDDD 
KKKK KKKK 
| DDD DDDD 


a_i mb a a we att ed = 


| DBD DDDD 


—> 


tThis instruction is specific to the TMS320C2x instruction set. 
+This instruction is specific to the TMS320C25/E25 instruction set. 
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Table 4-4. Instruction Set Summary (Continued) 
AUXILIARY REGISTERS AND DATA PAGE POINTER INSTRUCTIONS 


Mnemonic and Description 16-Bit Opcode 
MSB LSB 


Add to auxiliary register short immediate 1 O KKKK KKKK 
CMPRT Compare auxiliary register with auxiliary 1 O 0101 OOKK 
R 


register ARO | 
LAR Load auxiliary register 
LARK Load auxiliary register short immediate 
LARP Load auxiliary register pointer 
LDP Load data memory page pointer 
LDPK Load data memory page pointer immediate 
LRLKt Load auxiliary register long immediate 
MAR Modify auxiliary register 


|! DDD DDDD 
1100 ORRR KKKK KKKK 
0101 0101 1000 1RRR 
0101 0010 | DDD DDDD 
1100 100K KKKK KKKK 
1101 ORRR OOOO ODDO 
0101 0101 1 DDD DDDBD 
Store auxiliary register 0111 ORRR | DDD DDDD 
Subtract from auxiliary register short immediate 01711 1111 KKKK KKKK 


T REGISTER, P REGISTER, AND MULTIPLY INSTRUCTIONS 


Mnemonic and Description 16-Bit Opcode 
: MSB LSB 


~~ = AQ = = -— = 


Add P register to accumulator 1110 0001 0101 
LPHT Load high P register 0101 0011 ! DDD DDDD 
LT Load T register 0011 1100 | DDD DDDD 
LTA Load T register and accumulate previous product 0011 1101 | DDD DDDD 
LTD Load T register, accumulate previous product, 0011 1111 1 DDD DDDD 
and move data | 
LTPT Load T register and store P register in 0011 1110 | DDD DDDD. 
accumulator 
LTST Load T register and subtract previous DDD DDDD 
product 


MACT Multiply and accumulate 2 0101 1101 ! DDD DDDD 
MACDT Multiply and accumulate with data move 2 0101 1100 ! DDD DDDD 
MPY Multiply (with T register, store product in 1 0011 1000 !| DDD DDODD | 
P register) 
MPYA?# Multiply and accumulate previous product 1 0011 1010 | DDD DDDD 
MPYK Multiply immediate 1 101K KKKK KKKK KKKK 
MPYS# Multiply and subtract previous product 1 0011 1011 ! DDD DDDD 
MPYUf Multiply unsigned 1 1100 1111 !tDDD DDDD 
PAC Load accumulator with P register 1 1100 1110 0001 0100 
SPAC Subtract P register from accumulator 1 1100 1110 0001 0110 
SPH?t Store high P register 1 0111 1101 | DDD DDDD 
SPLt Store low P register 1 0111 1100 1 DDD DDDD 
SPMt Set P register output shift mode 1 1100 1110 0000 10KK 
SQRAT Square and accumulate 1 0011 1001 | DDD DDDD 
Square and subtract previous product 1 0101 1010.1 DDD DDDD 


TThis instruction is specific to the TMS320C2x instruction set. 
tThis instruction is specific to the TMS320C25/E25 instruction set. 
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Table 4-4. Instruction Set Summary (Continued) 


BRANCH/CALL INSTRUCTIONS 


Mnemonic and Description 16-Bit Opcode 
MSB LSB 


Branch unconditionally 1DDD DDDD 
Branch to address specified by accumulator 0010 0101 
Branch on auxiliary register not zero 1DDD DDDD 
Branch if TC bit # 0 1DDD DDDD 
Branch if TC bit = 0 1DDD DDDD 
Branch on carry 1DDD DDDD 
Branch if accumulator > 0O 1DDD DDDD 
~ Branch if accumulator > 0 1DDD DDDD 
Branch on I/O status = 0 1DDD DDDD 
Branch if accumulator < 0 1DDD DDDD 
Branch if accumulator < 0 1DDD DDDD 
Branch on no carry 1DDD DDDD 
Branch if no overflow 1DDD DDDD 
Branch if accumulator # 0 1DDD DDDD 
Branch on overflow 1DDD DDDD 
Branch if accumulator = 0 1DDD DDDD 
Call subroutine indirect 0010 0100 
Call subroutine 1DDD DDDD 
Return from subroutine 0010 0110 
Software interrupt 0001 1110 


1/O AND DATA MEMORY OPERATIONS 


Mnemonic and Description 16-Bit Opcode 
: MSB LSB 


BLKDT Block move from data memory to data memory 

BLKPt Block move from program memory to data 
memory 

DMOV Data move in data memory 

FORTT Format serial port registers 

IN Input data from port 

OUT Output data to port 

RFSM#_ Reset serial port frame synchronization mode 

RTXMT Reset serial port transmit mode 

RXFT Reset external flag 

SFSM#_ Set serial port frame synchronization mode 

STXMT _ Set serial port transmit mode 

SXFt Set external flag 

TBLR Table read 

TBLW _ Table write 


tThis instruction is specific to the TMS320C2x instruction set. 
tThis instruction is specific to the TMS320C25/E25 instruction set. 
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Table 4-4. Instruction Set Summary (Concluded) 
CONTROL INSTRUCTIONS | 


Mnemonic and Description . 16-Bit Opcode 
MSB LSB 


Test bit 
Test bit specified by T register 
Configure block as data memory 
_Configure block as program memory 
Disable interrupt 
Enable interrupt 
Idle until interrupt 
Load status register STO 
Load status register ST1 
No operation 
Pop top of stack to low accumulator 
Pop top of stack to data memory 
Push data memory value onto stack 
Push low accumulator onto stack 
Reset carry bit 
Reset hold mode 
Reset overflow mode 
Repeat instruction as specified by data memory 
value | 
Repeat instruction as specified by immediate 
value 
Reset sign-extension mode 
Reset test/control flag 
Set carry bit 
Set hold mode 
Set overflow mode 
Store status register STO 
Store status register ST1 
Set sign-extension mode 
— Set test/control flag 


tThis instruction is specific to the TMS320C2x instruction set. 
+This instruction is specific to the TMS320C25/E25 instruction set. 
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4.3 Individual Instruction Descriptions 


Each instruction in the instruction set summary is described in the following 
pages. Instructions are listed in alphabetical order. Information, such as as- 
sembler syntax, operands, operation, encoding, description, words, cycles, and 
examples, is provided for each instruction. An example instruction is provided 
to familiarize the user with the special format used and explain its content. 
Refer to Section 4.1 for further information on memory addressing. Code ex- 
amples using many of the instructions are given in Section 5 on Software 
Applications. 


EXAMPLE Example Instruction 
Syntax 
Direct: [<label>] EXAMPLE <dma>[,<shift>] 
Indirect: [<label>] EXAMPLE {ind}[,<shift>[,<next ARP>]] 
[<label>] EXAMPLE [<constant>] 


Immediate: 


Operands 


Execution 


Encoding 


Direct: 


Indirect: 


Immediate: 


Each instruction begins with an assembler syntax expression. The optional 
comment field that concludes the syntax is not included in the syntax ex- 
pression. Space(s) are required between each field (label, command, op- 
erand, and comment fields) as shown in the syntax. The syntax example 
illustrates both direct and indirect addressing, as well as immediate ad- 
dressing in which the operand field includes <constant>. 


The indirect addressing operand options, including bit-reversed (BR) ad- 
dressing, are as follows: 

TMS$32020: {*|*+|*-]70+]|*0-} 

TMS$320C25: = {*|*+|*-|*0+|*0-|*BRO+|*BRO-} 


O < dma < 127 
QO < next ARP < 7 
O < constant < 255 


Operands may be constants or assembly-time expressions referring to 
memory, I/O and register addresses, pointers, shift counts, and a variety of 
constants. The operand values used in the example syntax are shown. Note 
that the next ARP on the TMS32020 is < 4 for auxiliary registers ARO-AR4. 


(PC) +1 PC . 
(ACC) + [(dma) x 28h'ft] = ACC 
If SXM = 1: 
Then (dma) is sign-extended. 
If SXM = Q: 
Then (dma) is not sign-extended. 


Affects OV: affected by OVM and SXM. 
Affects C (TMS320C25). 


An example of the instruction operation sequence is provided, describing 
the processing that takes place when the instruction is executed. Condi- 
tional effects of status register specified modes are also given. Those bits 
in the TMS320C2x status registers affected by the instruction are also 
listed. 


15 14 13 12 1110 9 8 7 6 5 4 3 2 1 #0 


0 O oO 0 _Data Memory Address 
0 0.0 0 See Section 4.1 


1 0 0 13-Bit Constant 


Opcode examples are shown of both direct and indirect addressing or of the 
use of an immediate operand. 


Example Instruction | | EXAMPLE 


Description 
Words 
Cycles 
‘20° 
"C25 
‘20 
"C25 


Instruction execution and its effect on the rest of the processor or memory 
contents are described. Any constraints on the operands imposed by the 
processor or the assembler are discussed. The description parallels and 
supplements the information given by the execution block. 


1 


The digit specifies the number of memory words required to store the in- 
struction and its extension words. 


it i fb i = 
a 
ee ee 
ee ee 


The table shows the number of cycles required for a given TMS320C2x in- 
struction to execute in a given memory configuration when executed as a 
single instruction or in the repeat mode. The column headings in the tables 
indicate the program source location (Pl, PE, or PR) and data destination 
or source (DI or DE), defined as follows: 


PI The instruction executes from internal program memory (RAM). 
PR The instruction executes from internal program memory (ROM). 
PE The instruction executes from external program memory. 

DI The instruction executes using internal data memory. 

DE ‘The instruction executes using external data memory. 


The number of cycles required for each instruction is given in terms of the 
program/data memory and |/O access times as defined in the following. 
listing: | 


p Program memory wait states. Represents the number of clock cycles 
the device waits for external program memory to respond to an ac- 
cess. Tac is the access time, in nanoseconds, (maximum) required 
by the TMS320C2x for an external memory access to be made with 
no wait states. Tmem is the memory device access time, and Tp is the 
clock period (4/crystal frequency). 


p= 0; If Tmem S$ Tac 
p= 1; If Tac <Tmem S (T p + Tac) 
p = 2; If (Tp + Tac)< T mem S (Tp * 2 + Tac) 
p=k; If [Tp x (k-1) + Tac]< T mem S$ (Tp x kK + Tac) 
d Data memory wait states. Represents the number of cycles the de- 


vice must wait for external data memory to respond to an access. 
This number is calculated in the same way as the p number. 


EXAMPLE Example Instruction 


i |/O memory wait states. Represents the number of cycles the device 
must wait for external |/O memory to respond to an access. This 
number is calculated in the same way as the p number. 


Other abbreviations used in the tables and their meanings are as follows: 


br Branch from .. 

int Internal program memory. 

INT = Interrupt. 

ext External program memory. 

n The number of times an instruction is executed when using the RPT 
or RPTK instruction. 


Refer to Appendix D for further information on instruction cycle classifica- 
tions and timings. 


Example ADD DAT1,3 ;(DP = 10) 


or 
ADD *,3 ;If current auxiliary register contains 1281. 
Before Instruction | After Instruction 


. Data Data 
acc acc oe 
C re © 


The sample code presented in the above format shows the effect of the 
code on memory and/or registers. The use of the carry bit (C) provided on 
the TMS320C25 is shown in the small box. : 
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Absolute Value of Accumulator ABS 


Syntax 
Operands 
Execution 
Encoding 
Description 
Words 
Cycles 
‘20 
“C25 
'20 
'C25 
Example 


[<label>] ABS 


None 
(PC). TPC 
|\(ACC)| ~ ACC 


Affects OV; affected by OVM. 
Affects C (TMS320C25). 
Not affected by SXM. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 +9 
1 1  O 0 1 1 1 0 0 0 0 61 1 0 1 1 


lf the contents of the accumulator are greater than or equal to zero, the ac- 
cumulator is unchanged by the execution of ABS. If the contents of the 
accumulator are less than zero, the accumulator is replaced by its two’s- 
complement value. 


Note that 80000000h is a special case. When the overflow mode is not set, 
the ABS of 80000000h is 80000000h. When in the overflow mode, the 
ABS of 80000000h is 7FFFFFFFh. In either case, the OV status bit is set. 
The carry bit (C) on the TMS320C25 its always reset to zero by the exe- 
cution of this instruction. 


1 


ee ae (ER ee Te ee ee 
aE ae ae aes ae ee ee ae a ee 
ae a RS 
a eae ae ee ee Se 


ABS 


Before Instruction After Instruction 


ACC : as 1234h ACC [ol 1234h 
C 
ACC ia oan OFFFFFFFFh ACC [o| 
C C 
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ADD 


Syn tax 


Add to Accumulator with Shift. 


Direct: [<label>] ADD <dma>[,<shift>] 
Indirect: [<label>] ADD {ind}[,<shift>[,<next ARP>]] 


Operands 


Execution 


Encoding 


Direct: 


Indirect: 


Description 


Words 


Cycles 


Example 
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‘20 


‘C25 


20 


‘C25 


O < dma < 127 
O < next ARP < 7 
0 < shift < 15 (defaults to 0) 


(PC) +17 PC . 
(ACC) + [(dma) x 2shift] + Acc 
If SXM = 1: 
Then (dma) is sign-extended. 
If SXM = 0: 
Then (dma) is not sign-extended. 


Affects OV; affected by OVM and SXM. 
Affects C (TMS320C25). 


15 14 13 12 11 10 9 8 7F 6 5 


4 3 2 1 O 
0 O O 90 Data Memory Address __ 
oo o of shit | 4] See Section 41 | 


The contents of the addressed data memory location are left-shifted and 
added to the accumulator. During shifting, low-order bits are zero-filled. 
High-order bits are sign-extended if SXM = 1 and zero-filled if SXM = 0. 
The result is stored in the accumulator. 


eR a Ee ee Oe 
2+d 


_Cycle Timings for a Repeat Execution | 
See ee a 
ntp | t+ntndtp{ on | t+ntnd 


+ 


ADD DAT1,3 ;(DP = 10) 
or . 
ADD eee ;If current auxiliary register contains 1281. 


Before Instruction After Instruction 
Data Data | 
Memory Memory [8h | 
1281 1281 
acc ace [9 
C C 


Add to Accumulator 
ADDC with Carry (TMS320C25 ADDC 


Syntax 
Direct: [<label>] ADDC <dma> 
Indirect: [<label>] ADDC {ind}[,<next ARP>] 


Operands O < dma < 127 
O < next ARP < 7 
Execution (PG) 7 - PC 


(ACC) + (dma) + (C) ~ ACC 
Affects OV and C; affected by OVM. 


Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 #90 


Direct] 0 1 0 0 0 0 1 14/0, Data Memory Address 
a ee ee ore See Section 4.1 


Description The contents of the addressed data memory location and the value of the 
carry bit are added to the accumulator. The carry bit is then affected in the 
normal manner. 


Indirect: 


~The ADDC instruction can be used in performing multiple-precision arith- 
metic. 


Words 1 


Cycles 


Cycle Timings for a Single Instruction 
PI/DI PI/DE PE/DI PE/DE PR/DI PR/DE 
ee ee ee ee ee 


Cycle Timings for a Repeat Execution 


cos nm tenend | nep[tenendep] nm [ tenend | 


‘C25 
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Add to Accumulator 


ADDC with Carry (TMS320C25) ADDC 
Example 1 ADDC DATS5 ;(DP = 8) 
or ; 
ADDC * ;if current auxiliary register contains 1029. 
Before Instruction After Instruction 


Data Data 

1029 1029 

ace ace [o][___18h_ 
c C 


Example 2 ADDC DATS5 ;(DP = 8) 
or 
ADDC * ;If current auxiliary register contains 1029. 


Before Instruction After Instruction . 
Data Data 
1029 
ACC OFFFFFFFFh ACC ef a 
C 
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Add to High Accumulator ADDH 


Syntax 


Direct: 
Indirect: 


Operands 


Execution 


Encoding 


Direct: 


Indirect: 


Description 


Words 


Cycles 


Example 


‘20 


‘C25 


‘20 


"C25 


[<label>} ADDH <dma> 
[<label>] ADDH {ind}[,<next ARP>] 


0 < dma < 127 

QO < next ARP < 7 

(PC) +17 PC 

(ACC) + [(dma) x 218] + ACC 
Affects OV; affected by OVM. 


Affects C (TMS320C25). 
low-order bits of the ACC not affected. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 #0 


e410 Oo 0. Oko Data Memory Address 


0 See Section 4.1 


The contents of the addressed data memory location are added to the upper 
half of the accumulator (bits 31 through 16). Low-order bits are unaffected 
by ADDH. The carry bit (C) on the TMS320C25 is set if the result of the 
addition generates a carry; otherwise, C is unaffected. The carry bit can 
only be set, not reset, by the ADDH instruction. 


The ADDH instruction may be used in performing 32-bit arithmetic. 


Cycle Timings for a Single Instruction 
| PI/DI PI/DE PE/DI PE/DE 


ADDH DAT5 ;(DP = 8) 


or 
ADDH * ;If current auxiliary register contains 1029. 
Before Instruction After Instruction 
Data . Data 
Memory Memory 
1029 1029 


C C 


Add to Accumulator 


ADDK Short Immediate (TMS320C25) ADDK 


Syntax | [<label>] ADDK <constant> 
Operands O < constant < 255 


- Execution (PC) +17PC 
(ACC) + 8-bit positive constant ~ ACC 


Affects OVM and C; affected by OVM. 
Not affected by SXM. | 


Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 = =9 


Description The 8-bit immediate value is added, right-justified, to the accumulator with 
the result replacing the accumulator contents. The immediate value is 
treated as an 8-bit positive number, regardless of the value of SXM. 


Words 1 


Cycles 


cos[_ 1 [1 | tp | tp | 1 | 1 1 


‘C25 


Example ADDK 5h 


Before Instruction After Instruction 


ace [__epzem ] ace [o][_7982¢60 | 
. C | C 
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Add to Accumulator 


ADDS with Sign-Extension Suppressed _ ADDS 
Syntax 


Direct: [<label>] ADDS <dma> 
Indirect: [<label>}] ADDS {ind}[,<next ARP>] 


Operands 0 < dma < 127 
QO < next ARP < 7 
Execution (PC). + 1 PC 


(ACC) + (dma) ~ ACC 
(dma) is a 16-bit unsigned number. 
Affects OV; affected by OVM. 


Affects C (TMS320C25). 
Not affected by SXM. 


Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 #1 #0 


Direct:}0 1 0 0 1 0 0 fo. Data Memory Address 
Indirect: 1 See Section 4.1 


Description The contents of the specified data memory location are added with sign- 
extension suppressed. The data is treated as a 16-bit unsigned number, 
regardless of SXM. The accumulator behaves as a signed number. Note 
that ADDS produces the same results as an ADD instruction with SXM = 
O and a shift count of 0. 


Words 1 


Cycles 


PI/Di PI/DE PE/DI 
ee er 
pa] 


1 
, | 


n+p 


Example ADDS DAT11 ;(DP = 6) 
or 
ADDS * ;If current auxiliary register contains 779. 
Before Instruction After Instruction 
Data : Data | 
Memory OFOO6h Memory OFOO6h 
779 779 


ace [ae] ace fo] 0FD0F J 
| Cc C 


Add to Accumulator 


ADDT __with Shift Specified by T Register __—sADDT 
Syntax 


— Direct: [<label>] ADDT <dma> 
Indirect: [<label>] ADDT {ind}[,<next ARP>] 


Operands 0 < dma < 127 
O < next ARP < 7 


Execution (PC) +1-7PC 
(ACC) + [(dma) x 2! register(3-0)) — (ACC) 
If SXM = 1: 
Then (dma) is sign-extended. 
If SXM = 0: 
Then (dma) is not sign-extended. 


Affects OV; affected by SXM and OVM. 
Affects C (TMS320C25). 


Encoding 15 14 13 12 11109 8 7 6 5 4 3 2 1 «0 


Direct:}0 1 0 0 1 0 1 Ofo. Data Memory Address | 
ot oO 0 4. Oo. 4 OUT See Section 4.1 


Description The data memory value is left-shifted and added to the accumulator, with 
the result replacing the accumulator contents. The left-shift is defined by 
the four LSBs of the T register, resulting in shift options from O to 15 bits. 
Sign extension on the data memory value is controlled by SXM. 


Indirect: 


: 
20[n | 2nend [n+p | 2nendep | - [| = 
25 [on tener fenend+p[ a | tenon | 
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Add to Accumulator 


ADDT with Shift Specified by T Register ADDT 
Example ADDT DAT127 ;(DP = 4) 
or 
ADDT * ;If current auxiliary register contains 639. 
Before Instruction After Instruction 
Data Data 
Memory 9h Memory 9h 
639 639 


T OFF94h T OFF94h 
ACC OF715h acc fo] OF7A5h 
C 


C 


Add to Accumulator 


ADLK ____ Long Immediate with Shift ADLK 
Syntax [<label>] ADLK <constant>[,<shift> ] 
Operands 16-bit constant 


O < shift < 15 (defaults to 0) 


Execution (PC) +2 PC 
(ACC) + [constant x 2Shift] + ACC 


lf SXM = 1: 
Then -32768 < constant < 32767. 
lf SXM = 0: 


Then O < constant < 65535. 


Affects OV; affected by OVM and SXM. 
Affects C (TMS320C25). 


Encoding 15 14 13 12 11:10 9 8 7 6 5 4 3 2 =#«1 ~«9 


16-bit Constant 


Description The 16-bit immediate value, left-shifted as specified, is added to the accu- 
mulator. The result replaces the accumulator contents. SXM determines 
whether the constant Is treated as a signed two’s-complement number or 
as an unsigned number. The shift count is optional and defaults to zero. 


Words 2 


Cycles 


[2 [2 | tp fee | 
[not repeatable dd 


Example ADLK 5,8 


‘20 
'C25 


‘20 
‘C25 


Before Instruction After Instruction 


ACC acc fol | 15EFh | 
C C 


Add to Auxiliary Register 


ADRK __ Short Immediate (TMS320C25) ADRK 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


Example 


[<label>] ADRK <constant> 
0 < constant < 255 


(PC) +14 PC 
AR(ARP) + 8-bit positive constant ~ AR(ARP) 


15 14 13 12 11 10 9 8 FJ 6 5 4 3 2 1 +0 


The 8-bit immediate value is added, right-justified, to the currently selected 
auxiliary register with the result replacing the auxiliary register contents. 
The addition takes place in the ARAU, with the immediate value treated as 
an 8-bit positive integer. 


1 


| Cycle Timings for a Single Instruction 
PI/DI | PI/DE | PE/DI PE/DE PR/DI PR/DE | 


t+p 


: Cycle Timings for a Repeat Execution | 
not repeatable | 


ADRK 80h ;(ARP = 5) 


Before Instruction After Instruction 


AR5 4321h | AR5 43A1h 
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AND | | ~ AND with Accumulator 


— 


Syntax 
Direct: [<label>] AND <dma> 
Indirect: [<label>] AND {ind}[,<next ARP>] 


Operands O < dma < 127 
Q < next ARP < 7 
Execution (PC) +17 PC 


(ACC(15-0)).AND.(dma) > ACC(15-0) 
0 + ACC(31-16) 


Not affected by SXM. 
Encoding 15 14 13 12 11 10 9 8 7F 6 5 4 3 2 1 #0 


Direct}}0 1 0 O 1 #1 +1 «Of0 | Data Memory Address 
ie oe ae ee ee a oe See Section 4.1 


Description The lower half of the accumulator is ANDed with the contents of the ad- 
dressed data memory location. The upper half of the accumulator is ANDed 
with all zeroes. Therefore, the upper half of the accumulator is always ze- 
roed by the AND instruction. | 


Words 1 


Indirect: 


Cycles | | . 
Pt | 2rd [itp | 2+dep a 
a 


‘20 
‘C25 


Cycle Timings for a Repeat Execution 
Pn] anend | ntp | 2ntndep 


20 eS eae 
25 [mn | tentad_ 
Example AND DAT16 ;(DP = 4) | 
or 
AND * ;Iif current auxiliary register contains 528. 
Before Instruction After Instruction 


Data Data , 
Memory | OFFh | Memory OFFh 
528 528 — : 
ACC 12345678h ACC 00000078h 
C C 
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ANDK 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


Example 


AND Immediate 
with Accumulator with Shift ANDK 


[<label>] ANDK <constant>[,<shift>] 


16-bit constant 
0 < shift < 15 (defaults to 0) 


(PC) +2 > PC | . 
(ACC(30-0)).AND.[ (constant x ashifty ] + ACC(30-0) 
0 ~ ACC(31) and all other bit positions unoccupied by shifted constant. 


Not affected by SXM. 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =0 
0 0 0 0 0 1 0 0 


16-bit Constant 


The 16-bit immediate constant is left-shifted as specified and ANDed with 
the accumulator. The result is left in the accumulator. Low-order bits below 
and high-order bits above the shifted value are treated as zeroes, clearing 
the corresponding bits in the accumulator. Note that the accumulator’s 
most-significant bit is always zeroed regardless of the shift-code value. 


2 


Cycle Timings for a Single Instruction 


PI/DI | PI/DE PE/DI PE/DE PR/DI PR/DE | 
rz | 2 aap | tep | - [| 


not repeatable he ae 


not repeatable 


Cycle Timings for a Repeat Execution 


ANDK OFFFFh,12 


Before Instruction After Instruction 


Cc C 


APAC 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


Example 
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‘C25 


‘20 


"C25 


ine fa Ret Erste 


‘20 


Add P Register to Accumulator 


[<label>] APAC 
None | 
(PC) +1 + PC 


(ACC) + (shifted P register) - ACC 


Affects OV; affected by PM and OVM. 
Affects C (TMS320C25). 
Not affected by SXM. 


15 14 13 12 1110 9 8 7 6 5 4 3 2 1 =«0 
1 141 0 0 41 4 4 0 0 0 0 14 0 14 0 1 


The contents of the P register are shifted as defined by the PM status bits 
and added to the contents of the accumulator. The result is left in the ac- 
cumulator. APAC is not affected by the SXM bit of the status register; the 
P register is always sign-extended. 


The APAC instruction is a subset of the LTA, LTD, MAC, MACD, MPYA, 
and SQRA instructions. 


1 


a ft | te | te | - | - 
a te ee Pt 


1 
Cycle Timings for a Repeat Exe 
a 


APAC ;(PM = 0) 


Before Instruction After Instruction 


| Cc 


rs , 


Branch Unconditionally 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


‘20 


C25 


‘20 
‘C25 


Example 


2 
Cycle Timings for a Repeat Execution 


[<label>] B <pma>[,{ind}[,<next ARP>]] 


O < pma < 65535 
O < next ARP < 7 


pma > PC 
Modify AR(ARP) and ARP as specified. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =#0 


1 1 1 1 1 1 1 1 1 See Section 4.1 


| Program Memory Address 


The current auxiliary register and ARP are modified as specified, and control 
passes to the designated program memory address (pma). Note that no 
AR or ARP modification occurs if nothing is specified in those fields. Pma 
can be either a symbolic or a numeric address. 


2 


2+p (ext-to-int) 2+2p (ext-to-ext) 


True Conditions: 
Destination on-chip RAM: 
2 2 2+2p 2+2p 2 2 


Destination on-chip ROM: 
3 3 


3+2p 3+2p 3 3 
Destination external memory: 
3+p 3+p 3+3p 3+3p 3+p 3+p 


False Condition: 
Destination anywhere: » 
2 


2+2p 2 2 
fa ea ee 


B PRG191 ;191 is loaded into the program counter, 
;and the program continues running from 
;that location. | 
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BACC Branch to Address Specified by Accumulator 


Syntax [<label>] BACC 

Operands None 

Execution (ACC(15-0)) ~ PC 

Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 
1 1 0 0 1 1 1 0 0 0 1 0 0 1 0 1 

Description The branch uses the lower half of the accumulator (bits 15-0) for the 
branch address. 


Words 1 


Cycles 


Cycle Timings for a Single Instruction 
PI/DI. _ PI/DE __PE/DI PE/DE PR/DI PR/DE 
a a ee ae ee ee ee ee ee eee eee 


Destination on-chip RAM: 
2 2 


Destination on-chip ROM: 
S- 3 3+p 3+p 3 3 


Destination external memory: 
3+p 3+p 3+2p 


Cycle Timings for a Repeat Execution 
not repeatable ae 
| not repeatable | | 


Example BACC 


Before Instruction After Instruction 


PC 16E4h PC 9545h 
ACC OF7FF9545h | ACC [x] OF7FF9545h 
46 


Cc 


Branch on Auxiliary Register Not Zero BANZ 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


‘20 


'C25 


‘20 
‘C25 


[<label>] BANZ <pma>[,{ind}[,<next ARP>]] 


O < pma < 65535 
QO < next ARP <7 


If AR(ARP) # 0: 
Then pma > PC; 
Else (PC) + 2 > PC. 
Modify AR(ARP) as specified. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 14 =0 


1 1 1 1 1 0 1 1 1 See Section 4.1 
Program Memory Address 


Control is passed to the designated program memory address (pma) if the 
current auxiliary register is not equal to zero. Otherwise, control passes to 
the next instruction. The current auxiliary register and ARP are also modi- 
fied as specified. 


The current auxiliary register is either incremented or decremented from zero 
when the branch is not taken. Note that the AR modification defaults to 
*- (decrement current AR by one) when nothing is specified, making it 
compatible with the TMS320C1x. Pma can be either a symbolic or a nu- 
meric address. 2 


2 


2 (br int-to-int) 2+p (int-to-ext) PA se 
2+p (ext-to-int) 2+2p (ext-to-ext) 


True Conditions: 
Destination on-chip RAM: 
2 2 


2+2p 2+2p 2 2 
Destination on-chip ROM: 
3 3 3+2p 3+2p 3 3 
Destination external memory: 
3+p 3+p 3+3p 3+3p 3+p 3+p 


False Condition: 

Destination anywhere: 
2 2 2+2p 2 2 
(Cycle Timings for a Repeat Execution 


not repeatable [= .- 
not repeatable 
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BANZ Branch on Auxiliary Register Not Zero 


Example 1 BANZ  PRG35,*- 
Before Instruction After Instruction 
AR AR 
PC PC 
or 
AR AR OFFFFh 
PC 46h PC 
Example 2 BANZ PRG64,*+ 
Before Instruction After Instruction 
AR OFFFFh AR | Oh | 
PC 117h | PC 64h 
or | | 
PC LATA PC f 419h 


Note: 


BANZ is designed for loop control using the auxiliary registers as loop | 
counters. Using *O+ or *0- allows modification of the loop counter by 


a variable step size. Care must be exercised when doing this, however, 
because the auxiliary registers behave as modulo 65536 counters, and 
zero may be passed without being detected if ARO > 1. 
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Branch on Bit Not Equal to Zero BBNZ 
Syntax [<label>] BBNZ <pma>[,{ind}[,<next ARP>]] 
Operands O < pma < 65535 
O < next ARP < 7 
Execution If test/control (TC) status bit = 1: 
Then pma ~ PC; 
Else (PC) + 2 > PC. 
Modify AR (ARP) and ARP as specified. 
Affected by TC. 
Encoding 15 14 13 12 11 10 9 8 7? 6 5 4 3 2 1 =O 
Description The current auxiliary register and ARP are modified as specified. Control 
then passes to the designated program memory address if TC = 1. Other- 
wise, control passes to the next instruction. Note that no AR or ARP 
modification occurs if nothing is specified in those fields. Pma can be either 
a symbolic or a numeric address. Note that the TC bit may be affected by 
the BIT, BITT, CMPR, LST1, NORM, RTC, and STC instructions. 
Words 2 
Cycles 


‘20 


C25 | 


‘20 
‘C25 


Example 


ppl VDE | PE/DI_ | PE/DE | PR/DI_| PR/DE_| 
2+p (ext-to-int) 2+2p (ext-to-ext) 


True Conditions: 
Destination on-chip RAM: 
2 2 2+2p — 2+2p 2 2 


Destination on-chip ROM: 
S 2 


3+2p 3+2p 3 3 
Destination external memory: 
3+p 3+p 3+3p 3+3p 3+p 3+p 


False Condition: 
Destination anywhere: 


2+2p 2+2p 


not repeatable 
not repeatable 


BBNZ PRG650 lf TC = 1, 650 is loaded into the 
;program counter; otherwise, the 
;program counter is incremented 


POY 2 i 


4-39 


BBZ 


Branch on Bit Equal to Zero 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


‘20 


‘C25 


‘20 
‘C25 


Example 
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{[<label>] BBZ <pma>T[,{ind}[,<next ARP>]] 


O < pma < 65535 
O < next ARP < 7 


If test/control (TC) status bit = 0: 
Then pma > PC; 
Else (PC) + 2 > PC. 
Modify AR(ARP) and ARP as specified. 


Affected by TC bit. 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 #90 


1 1 1 1 1 0 0 0 1 | See Section 4.1 
Program Memory. Address 


The current auxiliary register and ARP are modified as specified. Control 
then passes to the designated program memory address if TC = O. Other- 
wise, control passes to the next instruction. No AR or ARP modification 
occurs if nothing is specified in those fields. Pma can be either a symbolic 
Or a numeric address. Note that the TC bit is affected by the BIT, BITT, 
CMPR, LST1, NORM, RTC, and STC instructions. 


2 


rier [Pro 
2 (br int-to-int) 2+p (int-to-ext) eee 
2+p (ext-to-int) 2+2p (ext-to-ext) 


True Conditions: 
Destination on-chip RAM: 
2 2 2+2p 2+2p 2 2 


Destination on-chip ROM: 
3 3 


3+2p 3+2p 3 3 
Destination external memory: 
3+p 3+p 3+3p 3+3p 3+p 3+p 
False Condition: 


Destination anywhere: 
a 2+2p 2+2p 2 


2 
Cycle Timings for a Repeat Execution 
| notrepeatabie | CCT 


BBZ PRG325 ;If TC = O, 325 is loaded into the 
;program counter; otherwise, the 
;program counter is incremented 
sy. 2 


Branch on 


Carry (TMS320C25) | BC 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


’C25 


‘C25 


Example 


[<label>] BC <pma>[,{ind}[,<next ARP>]] 


O < pma < 65535 
O < next ARP < 7 


If carry bit C = 1: 
Then pma > PC; 
Else (PC) +.2-— PC. 
Modify AR(ARP) and ARP as specified. 


Affected by C. 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =0 


0 1 - 0 1 1 at 1 0 1 See Section 4.1 
Program Memory Address 


The current auxiliary register and ARP are modified as specified. Control 
then passes to the designated program memory address if the carry bit C is 
high. Otherwise, control passes to the next instruction. Note that no AR 
or ARP modification occurs if nothing is specified in those fields. Pma can 
be either a symbolic or a numeric address. 


Note that the carry bit C is affected by all add, subtract, and accumulate 
instructions as well as the ABS, LST1, NEG, RC, SC, rotate, and shift in- 
structions. The carry bit is not affected by execution of BC, BNC, or non- 
arithmetic instructions. 


2 


| Cycle Timings for a Single Instruction 
Pi/DI PI/DE PE/DI PE/DE PR/DI PR/DE | 


True Conditions: . 
Destination on-chip RAM: 
2 2 2+2p 2+2p 2 2 
Destination on-chip ROM: 
3 3 3+2p 3+2p 3 3 
Destination external memory: 
3+p 3+p 3+3p 3+3p 3+p 3+p 


False Condition: 
Destination anywhere: 
oe 2 2+2p — 2 


Cycle Timings for a Repeat Execution 


not repeatable 


BC PRG512 ;If the carry bit C = 1, 512 is loaded 
;into the program counter; otherwise, 
;the PC is incremented by 2. 
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Branch if Accumulator 


BGEZ Greater Than or Equal to Zero BGEZ 
Syntax [<label>] BGEZ <pma>[,{ind}[,<next ARP>]] 


Operands 0 < pma <s 65535 
O < next ARP < 7 


Execution If (ACC) > 0: 
Then pma > PC; 
Else (PC) + 2 > PC. 
Modify AR (ARP) and ARP as specified. 


Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 #0 


1 1 | 1 1 0 0 0 1 See Section 4.1 | 
Program Memory Address | 


Description The current auxiliary register and ARP are modified as specified. Control 
then passes to the designated program memory address (pma) if the con- 
tents of the accumulator are greater than or equal to zero. Otherwise, 
control passes to the next instruction. Note that no AR or ARP modification 
occurs if nothing is specified in those fields. Pma can be either a symbolic 
or a numeric address. 


Words 2 


Cycles . 


Cycle Timings for a Single Instruction 


Pi/Di _ PI/DE PE/DI PE/DE PR/DI! PR/DE 


"20 2 (br int-to-int) 2+p (int-to-ext) 
2+p (ext-to-int) 2+2p (ext-to-ext) i 
‘C25 | True Conditions: . 
Destination on-chip RAM: 
2% 2 —  2+2p 
Destination on-chip ROM: | 
3 3 3+2p 
Destination external memory: 
3+p 3+p 3+3p 
False Condition: 
Destination anywhere: 
2 2 2+2p 2 2 
Cycle Timings for a Repeat Execution 
20[-~—~Snot repeatable CYS 


‘C25 not repeatable 


Example BGEZ PRG217 ;217 is loaded into the program 
scounter if the accumulator is 
;greater than or equal to zero. 
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Branch if Accumulator Greater Than Zero BGZ 


Syntax 
Operands 
Execution 
Encoding 
Descriptien 
Words 
Cycles 
‘20 
'C25 
‘20 
'C25 
Example 


[<label>] BGZ <pma>[,{ind}[{,<next ARP>]] 


O < pma < 65535 
O < next ARP < 7 


If (ACC) > 0: 
Then pma > PC; 
Else (PC) + 2 > PC. 
Modify AR(ARP) and ARP as specified. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 4 =O 


1 1 | i 1 0 0 0 1 1 See Section 4.1 


Program Memory Address 


The current auxiliary register and ARP are modified as specified. Control 
then passes to the designated program memory address (pma) if the con- 
tents of the accumulator are greater than zero. Otherwise, control passes 
to the next instruction. Note that no AR or ARP modification occurs if 
nothing is specified in those fields. Pma can be either a symbolic or a nu- 
meric address. 


NO 


| Cycle Timings for a Single Instruction 
PI/DI a PI/DE PE/DI PE/DE PR/DI PR/DE 


2 (br int-to-int) 2+p (int-to-ext) 
2+2p (ext-to-ext) | 


2+p (ext-to-int) 


True Conditions: 
Destination on-chip RAM: 
2 a 2 


2+2p 2+2p 2 2 
Destination on-chip ROM: 
3 3 3+2p 3+2p 3 3 
Destination external memory: 
3+p 3+p 3+3p 3+3p 3+p 3+p 


False Condition: 
Destination anywhere: 
2 2 2+2p 2 2 


Cycle Timings for a Repeat Execution 
___not repeatable | | 


BGZ PRG342 7342 is loaded into the program 
scounter if the accumulator is 
;greater than zero. 
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BlOZz 


Branch on I/O Status Equal to Zero 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


‘20 


'C25 


‘20 
’C25 


Example 
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[<label>] BIOZ <pma>[,{ind}[,<next ARP>]] 


0 < pma <s 65535 
O < next ARP < 7 


lf BIO = 0: 
Then pma ~> PC; 
Else (PC) +2—->PC. 
Modify AR(ARP) and ARP as specified. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =#0 
1 1 0 61 


1 1 | 1 0 - 1 See Section 4.1 
Program Memory Address 


The current auxiliary register and ARP are modified as specified. Control 
then passes to the designated program memory address (pma) if the BIO 
pin is low. Otherwise, contro] passes to the next instruction. Note that no 
AR or ARP modification occurs if nothing is specified in those fields. Pma 
can be either a symbolic or a numeric address. 


BIOZ in conjunction with the BIO pin can be used to test if a peripheral is 
ready to send or receive data. Polling the BIO pin using BIOZ may be pre- 
ferable to an interrupt when executing time-critical loops. 


2 


| Cycle Timings for a Single Instruction | 
PDE | PE/DI_| PE/DE | PR/DI_| PR/DE 
2 (br int-to-int) 2+p (int-to-ext) Bare 
2+p (ext-to-int) 2+2p (ext-to-ext) 
True Conditions: — | | 
ee eee eee RAM: 


2+2p 2+2p 2 2 


Destination on-chip ROM: 
3 3 3+2p 3+2p 3 3 
Destination external memory: 
3+p 3+p 3+3p 3+3p 3+p -3+p 
False Condition: 


Destination anywhere: 
2 2 


Cycle Timings for a Repeat Execution 


2 
not repeatable re ae 
not repeatable 


2+2p 


BIOZ PRG64 ;If the BIO pin is active (low), 
sthen a branch to location 64 
soccurs. 


Test Bit BIT 


Syntax 
Direct: [<label>] BIT <dma>,<bit code> 
Indirect: [<label>] BIT {ind},<bit code>[,<next ARP>] 


Operands O < dma < 127 
O < next ARP < 7 
0 < bit code < 15 


Execution (PC) +1 >PC 
(dma bit at bit address (15-bit code)) > TC. 
Affects TC. | 
Encoding 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 =O 


Direct:| 1 0 0 1]  BitCode | Data Memory Address 
Indirect:| 1 0 ©O 1] BitCode | 1| See Section 4.1 


Description _ The BIT instruction copies the specified bit of the data memory value to the 
TC bit of status register ST1. Note that the BITT, CMPR, LST1, and NORM 
instructions also affect the TC bit in status register ST1. A bit code value 
is specified that corresponds to a certain bit address in the instruction, as 
given by the following table: 


Bit Code 
Bit Address 1110 9 8 

LSB) 0 111~1 

1 1110 

2 110 1 

3 1100 

4 101 1 

5 101 0 

6 1001 

7, 1000 

8 011 1 

9 0110 

10 0101 

11 0100 

12 0011 

13 0010 

14 0001 

(MSB) 15 0000 

Words 1 
Cycles 


2rd [| i+p | 2earp | - | - 

eee = 
20{ | anend | nep | 2nendep | - [= 
cos [| tenend [nep [1+nendep[ 0 | tenon 
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BIT | Test Bit 


Example BIT Oh,8h ;(DP = 488) 
or . . 
BIT *,8 ;If current auxiliary register contains OF4O00Oh. 
Before Instruction After Instruction 
Data Data . ) 
Memory 7E98h Memory 7E98h 
OF400h OF400h 
TC ote) [ihe 


Special circumstances and results have been identified when using this in- 
struction with the TMS32020. Under the following conditions, the BIT in- 
struction may affect the contents within the accumulator: 


1) The overflow mode is set (the OVM status register bit is set to one). 
2) And, the two LSBs of the BIT instruction opcode word are zero. 
a) lf direct memory addressing is used, every fourth data word is — 
affected while all other locations remain unaffected. 
b) — {If indirect memory addressing is used, the two LSBs will be zero 
when a new ARP is not selected or when a new ARP is selected 
and that ARP is 0 or 4. 
3) And, adding the contents of the accumulator and the contents of the 
addressed data memory location, shifted by 2(5!t code) causes an ov- 
erflow of the accumulator. 


When all of these conditions are met, the contents of the accumulator will 
be replaced by a positive or negative saturation value, depending on the 
polarity of the overflow. To avoid this phenomenon, see “TMS32020 
PRODUCT NOTIFICATION” in Appendix A. 
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Test Bit Specified by T Register BITT 


Syntax 
Direct: [<label>] BITT <dma> 
Indirect: [<label>] BITT {ind}[,<next ARP>] 


Operands 0 < dma < 127 
O < next ARP < 7 


Execution (PC) +1 7 PC 
(dma bit at bit address (15-T register(3-0))) > TC 


Affects TC. 
Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 14 +90 


Ditecn(O.. 4 0-0. te Or Data Memory Address 
a ae a oe oe ee ee See Section 4.1 


Description — The BITT instruction copies the specified bit of the data memory value to 
the TC bit of status register ST1. Note that the BIT, CMPR, LST1, and 
NORM instructions also affect the TC bit in status register ST1. The bit 
address Is specified by a bit code value contained in the LSBs of the T 
register, as given in the following table: 


Indirect: 


Bit Code 
Bit Address 3210 
(LSB) 0 1111 
1 1110 
2 1101 
3 1100 
4 101 1 
5 1010 
6 100 1 
7 1000 
8 O11 1 
9 0110 
10 010 1 
11 0100 
12 001 1 
13 0010 
14 000 1 
(MSB) 15 0000 
Words 1 
Cycles 


Cycle Timings for a Single Instruction 
PI/DI PI/DE PE/DI PE/DE PR/DI PR/DE 


2of[_1 | 2a [t+ | zap [| - | - 
c2s 
20 [np | anendep | - [+ 
C25 1enendp 
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BITT Test Bit Specified by T Register 


Example BITT Oh ;Value in T register points to bit 14 of 
;data word (DP = 240). 
Or — | 
BITT * ;If current auxiliary register contains 7800h. 
Before Instruction After Instruction 
Data Data 
Memory 4DC8h Memory 4DC8h 
7800h | | 7800h 
TC TC 
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| Branch if Accumulator 
BLEZ Less Than or Equal to Zero BLEZ 


Syntax [<label>] BLEZ <pma>[,{ind}[,<next ARP>]] 


Operands O < pma < 65535 
O < next ARP < 7 


Execution If (ACC) < 0: 
Then pma —> PC; 
Else (PC) + 2 > PC. 
Modify AR(ARP) and ARP as specified. 


Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 +0 


1 1 je. 1 0 0 nk. 1 See Section 4.1 
Program Memory Address 


Description The current auxiliary register and ARP are modified as specified. Control 
then passes to the designated program memory address (pma) if the con- 
tents of the accumulator are less than or equal to zero. Otherwise, control 
passes to the next instruction. Note that no AR or ARP modification occurs 
if nothing is specified in those fields. Pma can be either a symbolic or a 
numeric address. 


Words 2 


Cycles 


Cycle Timings for a Single Instruction 
PI/DI PI/DE PE/DI PE/DE PR/DI PR/DE 


’20 2 (br int-to-int) 2+p (int-to-ext) | 
| 2+p (ext-to-int) 2+2p (ext-to-ext) 
‘C25 True Conditions: 
Destination on-chip RAM: 
2 ye 2+2p 2+2p | 2 2 
Destination on-chip ROM: 
3 3 3+2p 3+2p 3 3 
Destination external memory: 
3+p 3+p 3+3p 3+3p 3+p 3+p 
False Condition: 
Destination anywhere: 
2 2 2+2p 2+2p 2 2 
Cycle Timings for a Repeat Execution 
20[7~S~*~*~CSsot repeatable CP 
C25 
Example BLEZ PRG63 ;63 is loaded into the program counter if 
;the accumulator is less than or equal to 
72ero. - 
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Block Move 


BLKD from Data Memory to Data Memory BLKD 
Syntax 


Direct: [<label>] BLKD <dmat>,<dma2> 
Indirect: [<label>] BLKD <dma1>,{ind}[,<next ARP>] 


Operands 0 < dma < 65535 
0 < dma2 < 127 
O < next ARP < 7 


Execution TMS32020: 


(PC) +2 TOS 
dma1 > PC 


If (repeat counter) # 0: 

Then (dma1, addressed by PC) ~ dma2, 
Modify AR(ARP) and ARP as specified, 
(PC) + 1 — PC, 

(repeat counter) - 1 > repeat counter. 


Else (dma1, addressed by PC) ~ dma2 
Modify AR(ARP) and ARP as specified. 
(TOS) > PC | 


TMS320C25: 


(PC) 2. PC 
(PFC) ~ MCS 
dmal — PFC 


If (repeat counter) # 0: | 
Then (dmai, addressed by PFC) > dma2, 
Modify AR(ARP) and ARP as specified, 

(PPG) 1. P EC, 
(repeat counter) - 1 ~ repeat counter. . 


Else (dma1, addressed by PFC) ~ dma2 
Modify AR(ARP) and ARP as specified. 
(MCS) ~ PFC 


Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 #0 


Direct:]} 1474 1 #74 +«74 #1 0 1 Data Memory Address | | 
Data Memory Address1 


a ae ee eer See Section 4.1 
Data Memory Address1 


Description Consecutive memory words are moved from a source data memory block 
to a destination data memory block. The starting address (lowest) of the 
source block is defined by the second word of the instruction. The starting 
address of the destination block is defined by either the dma contained in 
the opcode (for direct addressing) or the current AR (for indirect address- 
ing). In the indirect addressing mode, both the current AR and ARP may 
be modified in the usual manner. In the direct addressing mode, dma2 is 
used as the destination address for the block move but is not modified upon 
repeated executions of the instruction. Thus, the contents of memory at the 


indirect: 
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Block Move 


BLKD from Data Memory to Data Memory BLKD 


Words 


Cycles 


‘20 


‘C25 


‘20 


‘C25 


dma2 address will be the same as the contents of memory at the last dma 
address in a repeat sequence. 


RPT or RPTK must be used with the BLKD instruction, in the indirect ad- 
dressing mode, if more than one word is to be moved. The number of 
words to be moved is one greater than the number contained in the repeat 
counter RPTC at the beginning of the instruction. At the end of this in- 
struction, the RPTC contains zero and, if using indirect addressing, 
AR(ARP) will be modified to contain the address after the end of the des- 
tination block. Note that the source and destination blocks do NOT have 
to be entirely on-chip or off-chip. However, BLKD cannot be used to 
transfer data from a memory-mapped register to any other location in data 
memory. | 


The PC points to the instruction following BLKD after execution. Interrupts 
are inhibited during a BLKD operation used with RPT or RPTK. 


The BLKD instruction on the TMS32020 uses one leve! of stack. Therefore, 
the value on the bottom of the stack is lost since the stack is Busnes and 
popped during the instruction operation. 


2 


Cycle Timings for a Single Instruction 
PI/DI PI/DE PE/DI PE/DE PR/DI PR/DE 


Data source internal:T | 
3+d 3+2p 3+d+2p 


Data source external:T 
3+d 4+2d 3+d+2p  4+2d+2p 


Source data in on-chip RAM: 
3+d 3+2p 3+d+2p 


Source data in external memory: 
4+d 4+2d _Atd+2p_ 4+2d+2p 


Data source internal:T 
2+n 2+n+nd 2+n+2p 2+n+nd+2p 


Data source external:t 

2+n+nd 2+2n+2nd 2+n+nd 2+2n+2nd 
+2p +2p 

Source data in on-chip RAM: 

2+n 2+n+nd 2+n+2p 2+n+nd+2p 2+n 2+n+nd 

Source data in external memory: _ 

3tntnd 2+2n+2nd 3+n+nd 2+2n+2nd 3+n+nd 2+2n+2nd 
+2p +2p 


TColumn headings ‘DI/DE’ refer to data destination. 
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Block Move 


BLKD from Data Memory to Data Memory BLKD 
Example RPTK 2 
BLKD OF400h, *+ ;If current auxiliary register 


scontains 1030. 


dmat 


Data 
Memory 
62464 


Data 
Memory 
62465 


Data 
Memory 
62466 


dma2 


Data 
Memory 


Data 
Memory 


Data 
Memory 
1032 


Before Instruction 


7F98h 


OFFE6h 


9522h 


Before Instruction 


SDEEh 


9315h 


2531h 


Data 
Memory 
62464 


Data 
Memory 
62465 


Data 
Memory 
62466 


Data 
Memory 
1030 


Data 


Memory 
1031 


Data 
Memory 
1032 


After Instruction 


| 7F98h 


OFFE6h 


9522h 


After Instruction 


7F98h | 


OFFE6h 


| 9522h 


Block Move 


BLKP from Program Memory to Data Memory BLKP 
Syntax 


Direct: [<label>] BLKP <pma>,<dma> 
Indirect: [<label>] BLKP <pma>,{ind}[,<next ARP>] 


Operands 0 < pma < 65535 
O < dma < 127 
O < next ARP < 7 


Execution TMS32020: 


(PC) +2->TOS 
pma > PC 


If (repeat counter) # 0: 

Then (pma, addressed by PC) ~ dma, 
Modify AR(ARP) and ARP as specified, 
(PO) 4 PC; 

(repeat counter) - 1 > repeat counter. 


Else (pma, addressed by PC) ~ dma 
Modify AR(ARP) and ARP as specified. 
(TOS) ~ PC 


TMS320C25: 


(PC) +2 > PC 
(PFC) ~ MCS 
pma > PFC 


If (repeat counter) # 0: 

Then (pma, addressed by PFC) > dma, 
Modify AR(ARP) and ARP as specified, 
(PEG): +1 PEC, | 
(repeat counter) - 1 > repeat counter. 


Else (pma, addressed by PFC) ~ dma 
Modify AR(ARP) and ARP as specified. 
(MCS) ~ PFC 


Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =0 


Direct: | 1 1 1 1 1 1 0 0 oO | Data Memory Address 
Program Memory Address 


Indirect} 1 1 1 #14 4 #1 0 Of1. See Section 4.1 
Program Memory Address 


Description Consecutive memory words are moved from a source program memory 
block to a destination data memory block. The starting address (lowest) 
of the source block is defined by the second word of the instruction. The 
starting address of the destination block is defined by either the dma con- 
tained in the opcode (for direct addressing) or the current AR (for indirect 
addressing). In the indirect addressing mode, both the ARP and the current 
AR may be modified in the usual manner. In the direct addressing mode, 
dma is used as the destination address for the block move but is not modti- 
fied by repeated executions of the instruction. Thus, the contents of mem- 
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Block Move 


BLKP from Program Memory to Data Memory BLKP 


Words 


Cycles 
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‘20 


‘C25 


‘20 


‘C25 


Cycle Timings for a Single Instruction 


ory at the dma address will be the same as the contents of memory at the 
last pma address in a repeat sequence. 


RPT or RPTK must be used with the BLKP instruction if more than one 
word is to be moved. The number of words to be moved is one greater than 
the number contained in the repeat counter RPTC at the beginning of the 
instruction. At the end of this instruction, the RPTC contains zero and, if 
using indirect addressing, AR(ARP) will be modified to contain the address 
after the end of the destination block. Note that source and destination 
blocks do NOT have to be entirely on-chip or off-chip. 


The PC points to the instruction following BLKP after execution. Interrupts 
are inhibited during a BLKP operation. 


The BLKD instruction on the TMS32020 uses one level of stack.. Therefore, 
the value on the bottom of the stack is lost since the stack is pushed and 
popped during the instruction operation. 


If the MP/MC pin on the TMS320C25 is low at the time of execution of this 
instruction and the program memory address used is less than 4096, an 
on-chip ROM location will be read. 


2 


P!/DI PI/DE. PE/DI PE/DE PR/DI PR/DE 


Program source internal:T 

3 3+d 3+2p § 3+d+2p - - 
Program source external:t | | 

3+p 4+d+p 4+d+3p a 7m 


Table in on-chip RAM: 


3 3+d 4+2p 4+d+2p 4 4+d 
Table in on-chip ROM: . 

4 A+d 4+2p 4+d+2p 4 A¢+d 
Table in external memory: 


4+p 4+d+p 4+d+3p 


Program source internal:t 


2+n 2+n+nd 2+n+2p 2+n+nd+2p = = 
Program source external:T 
2+n+np 2+2n+nd 2+n+np 2+2n+nd+np = oe 
+np +2p +2p 


Table in on-chip RAM: . 
2+n 2+n+nd 3+n+2p 3+nt+nd+2p 3+n 3+nt+nd 
Table in on-chip ROM: 
3tn 3+n+nd 3t+n+2p 3+n+nd+2p 3+n 3+nt+nd 
Table in external memory: | 
3+nt+np 2+2n+nd 3+ntnp 2+2n+nd+np 3+n+np 2+2n+nd 
+np +2p +2p +np 


TColumn headings ‘DI/DE’ refer to data destination. 


$ 


Block Move : 
BLKP from Program Memory to Data Memory BLKP 


Example RPTK 2 


;If current auxiliary register 
;contains 2048. 


BLKP 65120 2+ 


pma 
Before Instruction After Instruction 
Program Program 
Memory OAO89h Memory OAO089h 
65120 65120 
Program Program 
Memory 2DCEh Memory 2DCEh 
65121 65121 
Program Program 
Memory SAQFh Memory 3A9Fh 
65122 65122 
dma 
Before Instruction _ After Instruction 
Data Data 
Memory 1234h Memory OAO089h 
2048 © 2048 
Data Data 
Memory 2005h Memory 2DCEh 
2049 2049 — 
Data Data 
Memory OE98Ch Memory 3A9Fh 
2050 


BLZ Branch if Accumulator Less Than Zero 


Syntax | [<label>] BLZ <pma>[,{ind}[,<next ARP>]] 
Operands 0 < pma < 65535 

O < next ARP < 7 
Execution If (ACC) < 0: 


Then pma > PC; 
Else (PC) +2—>PC. | 
Modify AR(ARP) and ARP as specified. 


Encoding 165 14 13 12 1110 9 8 7 6 5 4 3 2 1 9 


1 1 1 1 0 1 1 1 See Section 4.1 
Program Memory Address 


Description — The current auxiliary register and ARP are modified as specified. Control 
then passes to the designated program memory address (pma) if the con- 
tents of the accumulator are less than zero. Otherwise, control passes to the 
next instruction. Note that no AR or ARP modification occurs when no- 
thing is specified in those fields. Pma can be either a symbolic or a numeric 
address. 


Words 


NO 


Cycles 


2 (br int-to-int) | 2+p (int-to-ext) a rae 
2+p (ext-to-int) 2+2p (ext-to-ext) 


True Conditions: 
Destination on-chip RAM: 
2 2 


‘20 


‘C25 


2+2p 2+2p ~ <2 2 
Destination on-chip ROM: 
3 3 3+2p 3+2p — 3 3 
Destination external memory: 
3+p 3+p 3+3p 3+3p 3+p 3+p 


False Condition: 
Destination anywhere: 
2 2 2+2p 2+2p 2 2 


Cycle Timings for a Repeat Execution 
| not repeatable | 


‘20 
‘C25 


Example BLZ PRG481 ;481 is loaded into the program counter 
;if the accumulator is less than zero. 
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Branch on 


No Carry (TMS320C25) BNC 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


'C25 


—'C25 


Example 


[<label>] BNC <pma>[,{ind}[,<next ARP>]] 


0 < pma < 65535 
O < next ARP < 7 


lf carry bit C = 0: 
Then pma > PC; 
Else (PC) + 2 > PC. 
Modify AR(ARP) and AFP as specified. 


Affected by C. 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 
1 


0 1 9 1 | re a 1 See Section 4.1 
Program Memory Address 


The current auxiliary register and ARP are modified as specified. Control 
then passes to the designated program memory address if the carry bit C is 
low. Otherwise, control passes to the next instruction. Note that no AR 
or ARP modification occurs when nothing is specified in those fields. Pma 
can be either a symbolic or a numeric address. 


Note that the carry bit C is affected by all add, subtract, and accumulate 
instructions as well as the ABS, LST1, NEG, RC, SC, rotate, and shift in- 
structions. The carry bit is not affected by execution of the BC, BNC, or 
nonarithmetic instructions. 


2 


- Cycle Timings for a Single Instruction 
PI/DI PI/DE PE/DI PE/DE PR/DI PR/DE 


True Conditions: . 
Destination on-chip RAM: 
2 2 2+2p 2+2p 2 2 


Destination on-chip ROM: 
3 3 


3+2p 3+2p 3 3 
Destination external memory: 
3+p 3t+p 3+3p 3+3p 3+p 3+p 
False Condition: 
Destination anywhere: 
2 2 2+2p 2+2p 2 2 


Cycle Timings for a Repeat Execution | 


not repeatable 


BNC PRG325 ;If the carry bit C = 0, 325 is loaded into 
;the program counter. Otherwise, the PC is 
;incremented by 2. 
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BNV 


Branch if No Overflow | 


Syntax 
Operands 
Execution 
Encoding 
Description 
Words 
Cycles 
‘20 
'C25 
’20 
‘C25 
Example 
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[<label>] BNV <pma>[,{ind}[,<next ARP>]] 


0 < pma < 65535 
0 < next ARP < 7 


If overflow OV status bit = 0: 

Then pma > PC; 

Else (PC) + 2 ~ PC and 0 > OV. 
Modify AR(ARP) and ARP as specified. 


Affects OV: affected by OV. 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 


i= Oe See Section41 | 
Program Memory Address | | 


The current auxiliary register and ARP are modified as specified. Control 
then passes to the designated program memory address (pma) if the OV 
(overflow flag) is clear. Otherwise, the OV is cleared, and control passes 
to the next instruction. Note that no AR or ARP modification occurs if 
nothing is specified in those fields. Pma can be either a symbolic or a nu- 
meric address. 


2 


| Pipi | PI/DE =| PE/DI_ | PE/DE | PR/DI_ | PR/DE | 
2 (br int-to-int) 2+p (int-to-ext) oe a! 
2+p (ext-to-int) 2+2p (ext-to-ext) 


True Conditions: 
Destination on-chip RAM: 
2 | 2 


2+2p 2+2p 2 2 


Destination on-chip ROM: 

3 3 3+2p 3+2p 3 3 
‘Destination external memory: | 
3+) 3+p 3+3p 3+3p 3+p 3+p 


False Condition: 
Destination anywhere: 

2 | 2 2+2p 2 2 

| Cycle Timings for a Repeat Execution 

a 


BNV PRG315 ;315 is loaded into the program counter 
;if the overflow flag is clear. OV is 
;cleared. : 


Branch if Accumulator Not Equal to Zero BNZ 


Syntax 
Operands 
Execution 
Encoding 
Description 
Words 
Cycles 
‘20 
"C25 
‘20 
‘C25 
Example 


[<label>] BNZ <pma>[,{ind}[,<next ARP>]] 


O < pma < 65535 
O < next ARP <7 


If (ACC) # 0: 
Then pma > PC; 
Else (PC) + 2 > PC. 
Modify AR(ARP) and ARP as specified. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 


1 1 1 1 0 1 0 1 1 See Section 4.1 
Program Memory Address 


The current auxiliary register and ARP are modified as specified. Control 
then passes to the designated program memory address (pma) if the con- 
tents of the accumulator are not equal to zero. Otherwise, contro! passes 
to the next instruction. Note that no AR or ARP modification occurs if 
nothing is specified in those fields. Pma can be either a symbolic or a nu- 
meric address. 


2 


2 (br int-to-int) 2+p (int-to-ext) za ae 
2+p (ext-to-int) 2+2p (ext-to-ext) 


True Conditions: 
Destination on-chip RAM: 
2 2 


2+2p 2+2p 2 2 
Destination on-chip ROM: 
3 3 3+2p 3+2p 3 3 
Destination external memory: 
3+p 3+p 3+3p 3+3p 3+p 3+p 


False Condition: 
Destination anywhere: 
2 a: 2+2p 2+2p 2 2 


Cycle Timings for a Repeat Execution 


not repeatable ae ee 
| | not repeatable 


BNZ PRG320 ;320 is loaded into the program counter 
;1£f the accumulator does not equal zero. 
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BV 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


Example 
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‘20 


'C25 


‘20 
‘C25 


Branch on Overflow 


[<label>] BV <pma>T[,{ind}[,<next ARP>]] 


O < pma < 65535 » 
O < next ARP < 7 


If overflow (OV) status bit = 1: 
Then pma > PC and 0 > OV; 
Else (PC) + 2 > PC. 
Modify AR(ARP) and ARP as specified. 


Affects OV; affected by OV. 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 
1 0 1 


1 1 1 0 _0 See Section 4.1 
Program Memory Address 


The current auxiliary register and ARP are modified as specified, and the 
overflow flag is cleared. Control passes to the designated program memory 
address (pma) if the OV (overflow flag) is set. Otherwise, control passes 
to the next instruction. Note that no AR or ARP modification occurs if 
nothing is specified in those fields. Pma can be either a symbolic or a nu- 
meric address. 


2 


Cycle Timings for a Single Instruction | : 
PI/DI PI/DE PE/DI PE/DE PR/DI PR/DE 


2 (br int-to-int) | 2+p (int-to-ext) | 
2+p (ext-to-int) 2+2p (ext-to-ext) 


True Conditions: 
Destination on-chip RAM: 
2 2 2+2p 2+2p 2 2 


Destination on-chip ROM: 
3 3 


3+2p 3+2p 3 3 
Destination external memory: 
3+p 3+p 3+3p 3+3p 3+p 3+p 


False Condition: 
Destination anywhere: 
2 | 2 2+2p 2 


Cycle Timings for a Repeat Execution 
not repeatable [= . - | 
not repeatable 


BV PRG610 ;If an overflow has occurred since the 
;overflow flag was last cleared, then 610 
;is loaded in the program counter. And, OV 
;1is cleared. 


Branch if Accumulator Equals Zero B 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


‘20 


‘C25 


‘20 
‘C25 


Example 


N 


[<label>] BZ <pma>[,{ind}[,<next ARP>]] 


0 < pma < 65535 
O < next ARP < 7 


If (ACC) = 0: 
Then pma — PC; 
Else (PC) + 2 > PC. 
Modify AR(ARP) and ARP as specified. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =9O 


: or 1 1 0 1 1 0 1 See Section 4.1 


Program Memory Address 


The current auxiliary register and ARP are modified as specified. Control 
then passes to the designated program memory address (pma) if the con- 
tents of the accumulator are equal to zero. Otherwise, control passes to tne 
next instruction. Note that no AR or ARP modification occurs if nothing is 
specified in those fields. Pma can be erther a symbolic or a numeric ad- 
dress. 


NO 


2+p (ext-to-int) 2+2p (ext-to-ext) 


True Conditions: 
Destination on-chip RAM: 
2 2 2+2p 2+2p 2 2 


Destination on-chip ROM: 
3 3 


3+2p 3+2p 3 3 


Destination external memory: 
3+p 3+p 3+3p 3+3p 3+p 3+p 


False Condition: 
Destination anywhere: 
2 | 2 2+2p 2 2 


Cycle Timings for a Repeat Execution 
not repeatable ee eee 
| not repeatable 


BZ PRG102 ;102 is loaded into the program counter if 
;the accumulator is equal to zero. 
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CALA Call Subroutine Indirect 
Syntax [<label>] CALA 
Operands None 
Execution (PC) +1-—-TOS 
(ACC(15-0)) ~ PC 
Encoding 15 14 13 12 1110 9 8 7F 6 5 4 3 2 1 =O 
1 14 0 0 1 4 4 0 0O 0O 4 0 0 14 0 0 
Description  Thecurrent program counter is incremented and pushed onto the top of the 
stack. Then, the contents of the lower half of the accumulator are loaded 
into the PC. The carry bit on the TMS320C25 is unaffected by this in- 
struction. 
The CALA instruction is used to perform computed subroutine calls. 
Words 1 
Cycles 
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Cycle Timings for a Single Instruction 
PI/DI PI/DE PE/DI PE/DE PR/DI PR/DE 
ae ee Se a ee 


Destination on-chip RAM: 
2 2 2+p 2+p 2 2 


Destination on-chip ROM: | 
3 3 3+p 3+p 3 3 
Destination external memory: 
3+p 3+p 3+2p 3+p 3+p 


Cycle Timings for a Repeat Execution 
ee 


not repeatable 


Call Subroutine Indirect 


Example 


CALA 


PC 
ACC 


Stack 
(20) 


Stack 
(C25) 


~ 


Before Instruction 
25h 


PC 
ACC 


Stack 
(20) 


Stack 
(C25) 


CALA 


After Instruction 
83h 


CALL 


Call Subroutine 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


‘20 


‘C25 
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[<label>] CALL <pma>[,{ind}[,<next ARP>]] 


15 14 13 12 1110 9 8 7 6 5 4 3 2 1 


1 1 1 1 1 1 1 QO 14 See Section 4.1 


Program Memory Address 


The current auxiliary register and ARP are modified as specified, and the 
PC (program counter) is incremented by two and pushed onto the top of 
the stack. The specified program memory address (pma) is then loaded into 
the PC. Note that no AR or ARP modification occurs if nothing is specified 
in those fields. Pma can be either a symbolic or a numeric address. 


© 


NO 


Cycle Timings for a Single Instruction 


PI/DI PI/DE PE/DI PE/DE PR/DI PR/DE 


2 (br int-to-int) 2+p (int-to-ext) 
2+p (ext-to-int) 2+2p (ext-to-ext) 


True Conditions: 
Destination on-chip RAM: 


2 2 2+2p 2+2p 2 2 
Destination on-chip ROM: 

3 3 3+2p 3+2p 3 3 
Destination external memory: 
3+p 3+p 3+3p 3+3p 3+p 3+p 


False Condition: 
Destination anywhere: 
2 2 2+2p 2+2p 2 2 


Cycle Timings for a Repeat Execution 
not repeatable ana ane 
not repeatable 


Call Subroutine 


Example CALL PRG109 


Before Instruction 


Stack 71h Stack 
(20) 48h (20) 
16h 
80h 
Stack Stack 
(C25) (C25) 


CALL 


After Instruction 
6Dh 


35h 
71h 
48h 
16h 
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CMPL | Complement Accumulator 


Syntax [<label>] CMPL 
Operands None 
Execution | (PC) +1>PC 
(ACC) ~ ACC 
Encoding 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 #0 


1 1 0 O 14 4 14 0 0 0 +14 +O OO 14 14 1 


Description The contents of the accumulator are replaced with its logical inversion 
(one’s complement). 


Words | 1 


Cycles 


[_____Gyele Timings fora Single instruction __——~«d 
eae 


Example CMPL 


Before Instruction After Instruction 


C CG: | 
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Compare Auxiliary Register 


CMPR : with Auxiliary Register ARO CMPR 
Syntax [<label>] CMPR <constant> 
Operands 0<CM <3 
Execution (PC) +1—-7PC 
Compare AR(ARP) to ARO, placing result in TC bit of status register ST1. 
Affects TC. 


Not affected by SXM; does not affect SXM. 
Encoding 15 14 13 12 11 10 9 8 7F 6 5 4 3 2 1 =O 


1 1 0 0 1 4 +1 £0 0 4 0 1 +0 Of CM. 


Description The CMPR instruction performs the following comparisons dependent on 
the value of CM: , 


If CM = 00, test if AR(ARP) = ARO 
If CM = 01, test if AR(ARP) < ARO 
If CM = 10, test if AR(ARP) > ARO 
If CM = 11, test if AR(ARP) # ARO 


If the result of a test is true, a one is loaded into the TC status bit. Other- 
wise, TC is loaded with a zero. The auxiliary registers are treated as un- 
signed integers in the comparison. 


Words 1 


Cycles 


| Cycle Timings for a Single Instruction 
PI/DI PI/DE PE/DI PE/DE PR/DI PR/DE 


zo; 1 | 1 | t+p | t+p [| - | - | 
OS A ee 
Cycle Timings for a Repeat Execution | 
20 
C28 
Example ' CMPR 2 ;(ARP = 4) 
Before Instruction After Instruction 


ARO OFFFFh | ARO OFFFFh 
AR4 7FFFh AR4 7FFFh 
rc ro [0h] 
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CNFD 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


Example 
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‘20 
‘C25 


‘20 
'C25 


Configure Block as Data Memory 


[<label>] CNFD 

None 

(PC) +1-—- PC 

QO —~ RAM configuration control (CNF) status bit 
Affects CNF. 


15 14 13 12 11:10 9 8 7 6 5 4 3 2 #1 ~«0 
1 14 0 0 1 4 4 0 0 0 0 0 0 14 +0 +0 


On-chip RAM block 0 is configured as data memory. The block is mapped 
to locations 512 through 767 in data memory. This instruction ts the 
complement of the CNFP instruction and sets the CNF bit in status register 
ST1 to a zero. CNF is also loaded by the CNFP and LST1 instructions. 


On the TMS32020, the instruction fetch immediately following a CNFD or 
CNFP instruction uses the old CNF value. The second fetch uses the new 
CNF value, even if it is the fetch of the second word of a two-word in- 
struction. 


On the TMS320C25, the next two instruction fetches immediately follow- 
ing a CNFD or CNFP instruction use the old value of CNF. 


1 


| | Cycle Timings for a Single Instruction 
PR/DI PR/DE 


CNFD ;A zero is loaded into the CNF status bit, thus 
;configuring block BO as data memory (see 
;memory maps in Section 3.4). 


Configure Block as Program Memory CNFP 


Syntax 
Operands 
Execution 
Encoding 
Description 
Words 
Cycles 
‘20 
‘C25 
‘20 
"C25 
Example 


[<label>] CNFP 
None 


(PC) +1—->PC 
1 ~ RAM configuration control (CNF) status bit 


Affects CNF. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 14 =O 
1 1 0 0 1 1 1 0 0 0 0 0 0 1 0 1 


On-chip RAM block 0 is configured as program memory. The block is 
mapped to locations 65280 through 65535 in program memory space. This 
instruction is the complement of the CNFD instruction and sets the CNF 
bit in status register ST1 to a one. CNF is also loaded by the CNFD and 
LST1 instruction. 


Configuring this block as program memory allows the use of the program 
counter as an address generator to access data from on-chip RAM. Used 
in conjunction with the repeat instructions, this allows two data memory 
locations to be addressed simultaneously, one from the auxiliary registers 
and one from the program counter. Instructions that take advantage of this 
feature are the MAC, MACD, BLKD, and BLKP instructions. 


On the TMS32020, the instruction fetch immediately following a CNFD or 
CNFEP instruction uses the old CNF value. The second fetch uses the new 
CNF value, even if it is the fetch of the second word of a two-word in- 
struction. 


On the TMS320C25, the next two instruction fetches immediately follow- 
ing a CNFD or CNFP instruction use the old value of CNF. 


1 


PUDE 
+f 1 | tp | wp f - | - — 
pe [nm | mp [ mp [| - | - 


1 
1 
ee 


CNFP ;The CNF bit is set to a logic 1, thus config- 
;uring block BO as program memory (see memory 
;maps in Section 3.4). 
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DINT | ——- Disable Interrupt 


Syntax [<label>] DINT 
Operands None 
Execution (PC) +1 —>PC 
: 1 — interrupt mode (INTM) status bit 
Affects INTM. 


Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 +90 
1 1 0 0 1 1 1 0 0 0 0 0 0 0 0 1 


Description _ The interrupt mode (INTM) status bit is set to logic 1. Maskable interrupts 
are disabled immediately after the DINT instruction executes. Note that the 
LST instruction does not affect INTM. 


The unmaskable interrupt, RS, is not disabled by this instruction, and the 
interrupt mask register (IMR) is unaffected. Interrupts are also disabled by 
a reset. , 


Words 1 


Cycles | tk 
| 
oft [| 1 | tt» | tp | - | - | 
C25 


Cycle Timings for a Repeat Execution 
"20 a ae ae ee ee 
| ee ee 


Example DINT ;Maskable interrupts are disabled, and INTM is 
;set to one. 


‘C25 


4-70 


Data Move in Data Memory DMOV 


Syntax 
Direct: 
Indirect: 


Operands 


Execution 


Encoding 


Direct: 


Indirect: 


Description 


[<label>] DMOV <dma> 
[<label>] DMOV {ind}[,<next ARP>] 


O < dma < 127 
0 < next ARP < 7 


(PC) +1—-PC 
(dma) ~ dma + 1 


Affected by CNF. 
15 14 13 12 1110 9 8 7 6 5 4 3 2 1 =O 


0 1 0 1 0 0 Data Memory Address 
a ea ee ee ee See Section 4.1 


The contents of the specified data memory address are copied into the 
contents of the next higher address. DMOV works only within the on-chip 
data RAM blocks BO, B1, and B2. It works within block BO if it is config- 
ured as data memory, and the data move function is continuous across the 
boundaries of blocks BO and B71; ie., it works for locations 512 to 1023. 
The data move function cannot be used on external data memory. If used 
on external data memory or memory-mapped registers, DMOV will read the 
specified memory location but will perform no other operations. 


When data is copied from the addressed location to the next higher lo- 
cation, the contents of the addressed location remain unaltered. 


The data move function is useful in implementing the z-| delay encountered 
in digital signal processing. The DMOV function is included in the LTD and 
MACD instructions (see the LTD and MACD instructions for more infor- 
mation). 


Cycle Timings for a Single Instruction 


— PI/DE PE/DI PE/DE- PR/DI PR/DE 


[ara 
| Cycle Timings for a Repeat Execution 
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DMOV 


Example DMOV DATS 
or 
DMOV * 


Data Move in Data Memory 


; (DP=4) 
;Ilf current auxiliary register contains 520. 


Before Instruction After Instruction 


Data 
Memory 43h 
520 


43h 
, Data 
Memory 43h 
521 


Enable Interrupt - EINT 


Syntax 
Operands 


Execution 


Encoding 


Description 


[<label>] EINT 
None 


(PC) +17 PC 
0 > interrupt-mode (INTM) status bit 


Affects INTM. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 
1 1 0 O 1 1 1 0 0 Oo 0 0 0 Q 0 9 


The interrupt-mode flag (INTM) in the status register is cleared to logic 0. 
Maskable interrupts are enabled after the instruction following EINT exe- 
cutes. This allows an interrupt service routine to re-enable interrupts and 
execute a RET instruction before any other pending interrupts are pro- 
cessed. Note that the LST instruction does not affect INTM. (See the DINT 
instruction for further information.) 


— 


Example 


EINT ;Unmasked interrupts are enabled, and INTM 
;is set to zero. 
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FORT 


Syntax 
Operands 


Execution 


Encoding 


Description 


Example 
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Format Serial Port Registers 


[<label>] FORT <constant> 
Constant = 0 or 1 


(PC) +14 PC 
Constant ~ format (FO) status bit 


Affects FO. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 #0 
1 1 0 0 1 4 4 0 0 60 0 0 1 #1 1 '|FO. 


The format (FQ) status bit is loaded by the instruction with the LSB speci- 
fied in the instruction. The FO bit is used to control the formatting of the 
transmit and receive shift registers of the serial port. If FO = 0, the registers 
are configured to receive/transmit 16-bit words. If FO = 1, the registers are 
configured to receive/transmit 8-bit bytes. FO is set to zero on a reset. 


Cycle Timings for a Single Instruction 


ppt [| Pi/DE | .Pe/ot | PE/DE PR/DI | PR/DE 
1 ie) 


FORT 1 ;The FO status bit is loaded with 1, making 
;the bit length of the serial port 8 bits. 


Idle Until Interrupt IDLE 


Syntax [<label>] IDLE 

Operands None 

Execution TM$S32020: 
(PC) +1 PC 
TMS320C25: 
(PC) +1—>PC 


O > interrupt mode (INTM) status bit — 
Affects INTM. 


Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 #0 
1 1 0 0 1 1 1 0 0 0 0 1 1 1 1 #1 


Description The IDLE instruction forces the program being executed to wait until an 
interrupt or reset occurs. The PC is incremented only once, and the device 
remains in an idle state until interrupted. On the TMS32020, the INTM bit 
must be set to zero in order for the maskable interrupts to be recognized. 
On the TMS320C25, INTM is automatically set to zero. Execution of the 
IDLE instruction causes the TMS320C25 to enter the powerdown mode 
(see Section 3.6.7). The on-chip timer continues to operate normally after 
execution of an IDLE instruction. | 


Words 4 


Cycles 


. Cycle Timings for a Single Instruction | 
PI/DI PI/DE __PE/DI PE/DE PR/DI PR/DE 


1 (min waits for INT) | 1+p (min waits for INT) a 


(Interrupt) destination on-chip ROM: 
(min waits for INT) 


(Interrupt) destination external memory: - 
3+2p (min waits for INT) 


Cycle Timings for a Repeat Execution 
not repeatable a ae 
not repeatable 


Example IDLE ;The processor idles until a reset or unmasked 
;interrupt occurs. 


‘20 
‘C25 


‘20 
‘C25 
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Input Data from Port 


Direct: [<label>] IN <dma>,<PA> 
Indirect: [<label>] IN {ind},<PA>[,<next ARP>] 


O < dma s 127 
O < next ARP < 7 
O < port address PA < 15 


(PC) +1—->PC 

Port address ~ address bus A3-AQ 
O — address bus A15-A4 | 
Data bus D15-D0O —~ dma 


165 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 


Port Address Data Memory Address 


Indirect:| 1. 0 0 0| Port Address See Section 4.1 


IN 
Syntax 
Operands 
Execution 
Encoding 
Direct: 
Description 
Words 
Cycles 
‘20 
’C25 
‘20 
‘C25 
Example 
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The IN instruction reads a 16-bit value from one of the external |/O ports 
into the specified data memory location. The IS line goes low to indicate, 
an I/O access, and the STRB, R/W, and READY timings are the same as for 
an external data memory read. 


1 


pitt | 2tdti | 2tpti_ [| 3td+pti | - = 
Cycle Timings for a Repeat Execution _ 
[ntni | antndtni | 2ntptni [anendeptn] - 
{ +n 
IN STAT,PA5 ;Read in word from peripheral on port 
| ;address 5. Store in data memory 


;location STAT. 


or 

LRLK Lpo20 ;Load AR1 with decimal 520. 

LARP 1 ;Load ARP with decimal 520. 

IN *~,PA1L,O ;Read in word from peripheral on port 


;address 1. Store in data memory 
slocation 520. Decrement AR1 to 519. 
sLoad the ARP with O. 


Load Accumulator with Shift LAC 
Syntax 


Direct: [<label>] LAC <dma>[,<shift>] 
Indirect: [<label>] LAC {ind}[,<shift>[,<next ARP>]] 


Operands O < dma < 127 
O < next ARP < 7 
O < shift < 15 (defaults to 0) 


Execution (PC) +174 PC 
(dma) x 2shift . ACC 


If SXM = 1: 
Then (dma) Is sign-extended. 
If SXM = 0: 


Then (dma) is not sign-extended. 
Affected by SXM. 


Encoding 15 14 13 12 11 10 9 8 FJ 6 5 4 3 2 1 =O 


Direct:| 0 O 1 0 Data Memory Address 
Indirect:| O O 1 0 See Section 4.1 


Description The contents of the specified data memory address are left-shifted and 
loaded into the accumulator. During shifting, low-order bits are zero-filled. 
High-order bits are sign-extended if SXM = 1 and zeroed if SXM = O. 


Words 1 


Cycles 
PR/D! 
2o[ 1 | 2+ | i | 2p | - | - 
1025 
20[7 9] 2ntnd | ntp | 2nendep | - -+|- 
cas [7 n-| tenend | nep [ientndep| nn | tenend | 
Example LAC DAT6,4 ;(DP = 8) 
eae *,4 ;If current auxiliary register 


scontains 1030. 


Before Instruction After Instruction 
Data Data 
1030 1030 


C C 
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LACK 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


Example 


4-78 


’C25 


Load Accumulator Immediate Short 


[<label>] LACK <constant> 
O < constant < 255 


(PC) +17 PC 
8-bit positive constant ~ ACC 


Not affected by SXM. 
15 14 13 12 1110 9 8 7 6 5 4 3 2 1 =9O 


The 8-bit constant is loaded into the accumulator right-justified. The upper 
24 bits of the accumulator are zeroed (i.e., sign extension is suppressed). 


1 


[pvp | Pype | Pe/D! | Pe/DE | PR/DI | PRIDE | 
ie | ie i 

i i a ie |) 

[rot repeatable CSC Cd 


LACK 15h 


Before Instruction After Instruction 


C Cc 


Load Accumulator with 


LACT Shift Specified by T Register LACT 
Syntax 


Direct: [<label>] LACT <dma> 
Indirect: [<label>] LACT {ind}[,<next ARP> ] 


Operands O < dma < 127 
O < next ARP < 7 
Execution (PC) + 1.-3:PC 
(dma) x 9T register(3-0) -, ACC 
If SXM = 1: 
Then (dma) is sign-extended. 
If SXM = 0: 


Then (dma) is not sign-extended. 
Affected by SXM. 


Encoding 15 14 13 12 11 10 9 8 7F 6 5 4 3 2 1 =O 


Direct:|0 1 0 O © 0 7 ofo| Data Memory Address 
Indirect: 0 See Section 4.1 


Description  TheLACT instruction loads the accumulator with a data memory value that 
has been left-shifted. The left-shift is specified by the four LSBs of the T 
register, resulting is shift options from O to 15 bits. Using the T register’s 
contents as a shift code provides a variable shift mechanism. 


LACT may be used to denormalize a floating-point number if the actual 
exponent is placed in the four LSBs of the T register and the mantissa is 
referenced by the data memory address. Note that this methoa of denor- 
malization can only be used when the magnitude of the exponent is four 
bits or less. 


Words 1 


Cycles 


a AN SOO 2 Ne CT DON 
C25 
c2s 
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Load Accumulator with 


LACT _ Shift Specified by T Register _ LACT 
Example LACT DAT1 ;(DP = 6) 
or ; 
LACT * ;If current auxiliary register contains 769. 
| Before Instruction After Instruction 
Data Data 
Memory 1376h Memory 1376h 
769 769 
ACC 98F7EC83h ACC 13760h 
Cc | C 
T 3014h - 301 4h 
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Load Accumulator Long Immediate with Shift LALK 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


‘20 
‘C25 


‘20 
‘C25 


Example 7 


Example 2 


[<label>] LALK <constant>[,<shift>] 


16-bit constant 
O < shift < 15 (defaults to 0) 


(PC) +2-PC 
Constant x 28hift 4 ACC 


If SXM = 1: 

Then -32768 < constant < 32767. 
lf SXM = 0: 

Then O < constant < 65535. 


Affected by SXM. 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =Q 


toro tf shit oo ot 


16-Bit Constant 


The left-shifted 16-bit immediate value is loaded into the accumulator. The 
shifted 16-bit constant is sign-extended if SXM = 1; otherwise, the high- 
order bits of the accumulator (past the shift) are set to zero. Note that the 
MSB of the accumulator can only be set if SXM = 1 and a negative number 
is loaded. The shift count is optional and defaults to zero. 


NO 


Cycle Timings for a Single Instruction 
PI/DI PI/DE PE/DI PE/DE PR/DI PR/DE 


[2 | 2 | 22 | 2p { - | - 


Cycle Timings for a Repeat Execution 


not repeatable fF 
not repeatable 


LALK OF794h,8 ; (SXM=1) 


Before Instruction After Instruction 


Cc Cc 


LALK OF794h,8 ; (SXM=0) 


Before Instruction After Instruction 


Cc C. 
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LAR Load Auxiliary Register 


Syntax 
Direct: [<label>] LAR <AR>,<dma> 
Indirect: [<label>] LAR <AR>_{ind}[,<next ARP>] 


Operands 0 < dma < 127 
0 < auxiliary register AR < 7 
O < next ARP < 7 


Execution (PO) et PC 
(dma) — auxiliary register AR 


Encoding 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0 


Direct:|} 0 0 1 #1 0 Data Memory Address 
Indirect:|} 0 O 1 #1 O See Section 4.1 


Description The contents of the specified data memory address are loaded into the 
designated auxiliary register (AR). 


The LAR and SAR (store auxiliary register) instructions can be used to load 
and store the auxiliary registers during subroutine calls and interrupts. If 
an auxiliary register is not being used for indirect addressing, LAR and SAR 
enable the register to be used as an additional storage register, especially 
for swapping values between data memory locations without affecting the 
contents of the accumulator. 


zof 1 | 2a | 1p | 2earp | - [| - | 
cas [12 
20[ [amend [np | 2nendep | - 

cas [| 2nend_[ _nep | 2nendep | 
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Load Auxiliary Register 


Example 1 


Example 2 


LAR  ARO,DAT1O ;(DP = 4) 


Data 
Memory 
522 


ARO 


LARP AR4 
LAR AR4,*- 


Data 
Memory 
617 


AR4 


Note: 


Before Instruction 


Before Instruction 


Data 
Memory 
522 


ARO 


Data 
Memory 
617 


AR4 


After Instruction 


18 


18h 


After Instruction 


32h 


32h 


LAR 


LAR, in the indirect addressing mode, ignores any AR modifications ff 


the AR specified by the instruction is the same as that pointed to by the 
ARP. Therefore, in Example 2, AR4 is not decremented after the LAR 
instruction. 


LARK 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


Example 


4-84 — 


Load Auxiliary Register Immediate Short 


[<label>] LARK <AR>,<constant> 


O < constant < 255 
O < auxiliary register AR < 7 


(PC) + Tt PC 
8-bit constant > auxiliary register AR 


15 14 1312 1110 9 8 7 6 56 43 2 1 «0 
0 Oo 0 


[i100 0] AR —~*SB Constant 


The 8-bit positive constant is loaded into the designated auxiliary register 
(AR) right-justified and zero-filled (i.e., sign-extension suppressed). 


LARK is useful for loading an initial loop counter value into an auxiliary 
register for use with the BANZ instruction. 


1 


[eyo | Pyoe | peor | E/E | PAID 
at ee ee 
: 
[_______Gyele Timings fora Repeat Execution 


not repeatable ae ee ae ee 
‘not repeatable 


LARK  ARO,15h 


Before Instruction After Instruction 


ARO ARO {15h 


Load Auxiliary Register Pointer LARP 


Syntax 
Operands 
Execution 
Encoding 
Description 
Words 
Cycles 
"20 
"C25 
‘20 
'G25 
Example 


ee ee ee 
ae ae ee ies 


[<label>] LARP <constant> 
0 < constant < 7 


(PC) +17 PC 
(ARP) — ARB 
Constant ~ ARP 


Affects ARP and ARB. 


15 14 13 12 11109 8 7 6 5 4 3 2 1 +0 
0 1 0 1 0 1 0 1 1 0 0 0 1 ARP 


The auxiliary register pointer is loaded with the contents of the three LSBs 
of the instruction (a 3-bit constant identifying the desired auxiliary register). 
The old ARP is copied to the ARB field of status register ST1. ARP can also 
be modified by the LST, LST1, and MAR instructions, as well as any in- 
struction that is used in the indirect addressing mode. 


The LARP instruction is a subset of MAR; i.e., the opcode is the same as 
MAR in the indirect addressing mode. The following instruction has the 
same effect as LARP: 


MAR *,<constant> 


rp | ip | - | - 


ae eee ee ee ee ee ee 

ae ae ae ee ee ee ee ee 

LARP 1 ;Any succeeding instructions will use 
;auxiliary register AR1 for indirect 
;addressing. 
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LDP Load Data Memory Page Pointer 


Syntax - 
Direct: [<label>] LDP <dma> . 
Indirect: [<label>] LDP {ind}[,<next ARP>] 


Operands 0 < dma < 127 
| O < next ARP < 7 


Execution (PC) +1-—- PC 
Nine LSBs of (dma) —> data page pointer register (DP) status bits 
Affects DP. | 

Encoding 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 #0 


Direct:|0 1 0 1 #0 0 1 Ofo| Data Memory Address 
oO 1 0 141 0 0 1 +Of1. See Section 4.1 


Description The nine LSBs of the contents of the addressed data memory location are 
loaded into the DP (data memory page pointer) register. The DP and 7-bit 
data memory address are concatenated to form 16-bit data memory ad- 

dresses. The DP may also be loaded by the LST and LDPK instructions. 


Words 1 


Indirect: 


Cycles 
[Piyor | PDE | PE/DI_| PE/DE | PR/DI_| PRIDE 

2o{1 | 2d | 1p | 2eaep [| - |  - 
coef 1+) aed] tp) eeep | td) 
20[7_n | 2nend [_nép | 2nendtp | - i. 
25 [| 2nend | nto | 2nendep | n | antnd 

Example LDP DAT127 ;(DP = 511) 

. EDP * ;If current auxiliary register 


scontains 65535. 


Before Instruction | After Instruction 


Data Data 
Memory OFEDCh Memory OFEDCh 
65535 65535 : 
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Load Data Memory Page Pointer Immediate LDPK 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


‘20 
‘C25 


‘C25 


Example 


[<label>] LDPK <constant> 
O < constant < 511 


(PC) +1 +> PC 
Constant ~ data memory page pointer (DP) status bits 


Affects DP. 
15 14 13 12 1110 9 8 7 6 5 4 3 2 1 #0 


The DP (data memory page pointer) register is loaded with a 9-bit constant. 
The DP and 7-bit data memory address are concatenated to form 16-bit 
direct data memory addresses. DP > 8 specifies external data memory. 
DP = 4 through 7 specifies on-chip RAM blocks BO or B1. Block B2 is 
located in the upper 32 words of page 0. DP may also be loaded by the 
LST and LDP instructions. 


—' 


[pypr_[ Pube | Pe/DI | PE/DE | PR/DI_| PRIDE 
7 tf ip | op = 
[not repeatable 


LDPK 64 ;The data page pointer is set to 64. 
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LPH | Load High P Register 


Syntax 
Direct: [<label>] LPH <dma> 
Indirect: [<label>] LPH {ind}[,<next ARP>] 


Operands 0 < dma < 127 
QO < next ARP < 7 
Execution (PC) +17 PC 


(dma) ~ P register(31 -16) 
Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 +0 


Direct:|]0 1 0 1 0 0 1 1Jo] Data Memory Address 
Indirect: 1 See Section 4.1 


Description The P register high-order bits are loaded with the contents of data memory. 
The low-order P register bits are unaffected. 


The LPH instruction is particularly useful for restoring the high-order bits 
of the P register after subroutine calls or interrupts. 


Words 1 


Cycles 


eS 
[a a tp Pe |) 


‘20 
‘C25 


‘Cycle Timings for a Repeat Execution 
Tn | antnd [n+p | 2néndsp ae 


1 : 
20 = 
a ae 


C25 
Example LPH DATO ;(DP = 4) 
or | 
LPH * ;if current auxiliary register 


scontains 512. 


Before Instruction After Instruction 
Data Data 
Memory OF79Ch Memory OF79Ch 
512 512 


P 30079844h P OF79C9844h 
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Load Auxiliary Register Long Immediate LRLK 


Syntax 
Operands 
Execution 
Encoding 
Description 
Words 
Cycles 
‘20 
‘C25 
‘20 
"C25 
Example 


[<label>] LRLK <AR>,<constant> 


O < auxiliary register < 7 
O < constant < 65535 


(PC) +2-—->PC 
Constant ~ AR 
Not affected by SXM; does not affect SXM. 


15 14 13 12 11 10 9 8 7F 6 5 4 3 2 1 =O 


1 1 0 +1 +Of AR | 0 0 0 0 0 0 0 0 
16-Bit Constant 


The 16-bit immediate value is loaded into the auxiliary register specified by 
the AR field. The specified constant must be an unsigned integer, and its 
value is not affected by SXM. 


PE/DE | PR/DI 
2 2) ee een Se 
[rot repeatable dS 


not repeatable 


LRLK AR3,3080h 


Before Instruction After Instruction 


AR3 7F80h AR3 3080h 
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LST | | Load Status Register STO 


Syntax 
Direct: [<label>] LST <dma> 
Indirect: [<label>] LST {ind}[,<next ARP>] 


Operands O < dma < 127 
0 < next ARP < 7 


Execution (PC) +1—2>PC 
(dma) — status register STO 


Affects ARP, OV, OVM, and DP. 
Does not affect INTM or ARB. 


Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 #0 


Direct} 0 1 0 1 0 0 0 Of0. Data Memory Address 
Indirect: 0 | See Section 4.1 


Description Status register STO is loaded with the addressed data memory value. Note 
that the INTM (interrupt mode) bit is unaffected by LST. ARB is also un- 
affected even though a new ARP is loaded. If a next ARP value is specified 
via the indirect addressing mode, the specified value is ignored. Instead, 
ARP is loaded with the value contained within the addressed data memory 
word. 


The LST instruction is used to load status register STO after interrupts and 
subroutine calls. The STO contains the status bits: OV (overflow flag) bit, 
OVM (overflow mode) bit, INTM (interrupt mode) bit, ARP (auxiliary reg- 
ister pointer), and DP (data memory page pointer). These bits were stored 
(by the SST instruction) in the data memory word as follows: 


15 14 13 12 #11 10 9 8 #7 +6 5 4 3 2 1 +0 
A 
Words 1 
Cycles 


2o[ 1 | 2a [| tp | 2+dp | - [| - 
C25 
20[— aT amend [np | 2nendep |---| 

soar ee 


25 [_n [| anend | nep | 2nendep 
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Load Status Register STO 


Example 1 LARP 0 


LST * 1 


Example 2 LST 60h 


Data 
Memory 
96 
STO 
ST1 


Example 3 LARP AR4 


LST = 


AR4 


Data 
Memory 
1023 


STO 
ST 


AR4 
k~ 1 


Example 4 LARP 


LST 
AR4 
Data 


Memory 


STO 
ST1 


;The data memory word addressed by the 
;contents of auxiliary register ARO is 


;loaded into status register STO, except 


LST 


;for the INTM bit. Note that even though a 


;next ARP value is specified, that value 


;is ignored, and even though a new ARP is 
;loaded, the old ARP is not loaded into ARB. 


;(AR4 = 3FFh 


~~ 


SFFh 
OCEO6h 


OFCO4h 
OE780h 


ow 

14) 

= 

12) 

= 

143) 

=A 

”n 

a+ 

“= 

Cc 

+) 

=, 

12) 

3 
> > > 
~h a" =h 
roma o> -- 
om @ 4) 
“~ =< = 
=. =. =) 
” ” ep) 
wt ob = 
= = oa 
Cc Cc oa 
QO Q QO 
S asl =. 
12) Oo 2) 
ze ae) ~ 


>(AR4 = 3FFh) 


3FFh 
OEEO4h 


OEEOOn 


168) 
@ 
—h 
oO 
= 
14) 
=] 
” 
ot 
a 
Cc 
+) 
es 
Oo 
aj 


OF780h 


Data 
Memory 
96 


STO 
ST1 


AR4 


Data 
Memory 
1023 


STO 


— STi 


AR4 


Data 
Memory 


STO 
ST1 


—— -9404h 


2604h 
0580h 


3FEh 
OCEO6h 


OCCO6h 
OE780h 


3FEh 
OEEO4h 


OEEO4h 
OF780h 


LST1 


Syntax 


Load Status Register ST1 


Direct: [<label>] LST1 <dma> | 
Indirect: [<label>] LST1 {ind}[,<next ARP>] 


Operands 


Execution 


Encoding 


Direct: 


Indirect: 


Description 
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ee es 
2 


O < dma < 127 
O < next ARP < 7 


(PC) +17 PC 
(dma) — status register ST1 
(ARB) > ARP 


Affects ARP, ARB, CNF, TC, SXM, XF, FO, TXM, and PM. 
Affects C, HM, and FSM (TMS320C25) 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 #0 


0.1 ©. 4, 0 <0 1104 Data Memory Address 


1 See Section 4.1 


Status register ST1 is loaded with the data memory value. The bits of the 
data memory value, which are loaded into ARB, are also loaded into ARP 
to facilitate context switching. Note that if a next ARP value is specified 
via the indirect addressing mode, the specified value is ignored. 


LST1 is used to load status bits after interrupts and subroutine calls. ST1 
contains the status bits: ARB (auxiliary register pointer buffer), CNF (RAM 
configuration control) bit, TC (test/control) bit, SXM_ (sign-extension 
mode) bit, XF (external flag) bit, FO (serial port format) bit, TXM (transmit 
mode) bit, and the PM (product register shift mode) bit. ST1 on the 
TMS320C25 also contains the status bits: C (carry) bit, HM (hold mode) 
bit, and FSM (frame synchronization mode) bit. On the TMS32020, bits 
5,6, and 9 are one’s. The bits loaded into status register ST1 from the data 
memory word are as follows: 


15 14 13 


Pane [onr [ro [sew] ch [+1 it [Fo Dae [row] Fe 


tOn the TMS32020, bits 5, 6, and 9 are one’s. 


Cycle Timings for a Single Instruction 
— PI/DE _PE/DI PE/DE PR/DI PR/DE 


ee ee es 


ae mT 
[np | anenap | 


Load Status Register ST1 


Example 17 LARP 3 
LST1 * 


Example 2 LST1 61h 


Data 
Memory 
97 


STO 
ST1 


LARP AR4 
HSE, os 


Example 3 


AR4 
Data 
Memory 
1022 


STO 
ST1 


Example 4 LARP AR4 
LST1l *-, 
AR4 


Data 
Memory 


STO 
sT1 


;The data memory word addressed by the 
;contents of auxiliary register AR3 
;replaces the status bits of status 
;register ST1l, and AR3 is decremented. 


;(DP = 0) 
Before Instruction After Instruction 
Data 
0580h Memory O580h 
97 
OACOOh STO OCOOh 
0581h ST1 0580h 
;(AR4 = 3FEh) 
Before Instruction After Instruction 
3FEh AR4 - 3FDh 
Data 
4F90h Memory 4F90h 
OFCO4h STO 5CO4h 
OE780h ST1 ~ 4F90h 
;(AR4 = 3FEh) 
Before Instruction After Instruction 
3FEh AR4 3FDh 
Data 
| 6190h Memory 6190h 
1022 
OFEO4h STO 7EO4h 
0593h ST1 6190h 


LST1 
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LT | | Load T Register 


Syntax | 
Direct: [<label>] LT <dma> | 
Indirect: [<label>] LT {ind}[,<next ARP>] 


Operands 0 < dma < 127 
O < next ARP < 7 
Execution (PC) +14 PC 


(dma) > T register 


Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 
0 


0 
Direct:} 0 O 1 #71 #14 #14 #0 Data Memory Address 
Indirect} 0 0 1 #4 #1 #1 #0 Of1. See Section 4.1 


Description The T register is loaded with the contents of the specified data memory 
address (dma). The LT instruction may be used to load the T register in 
preparation for multiplication. See the LTA, LTD, LTP, LTS, MPY, MPYK, 
MPYA, MPYS, and MPYU instructions. 


Words 1 


[_______ Cycle Timings fora Single instruction ___—~*d 
[pyor [Pye | Pe/DI | Pe/DE | PR/DI_| PRIDE 
2of_1 | 2ea_| ip | 2eaep | - [| - 1 
1 [ara [tp | aarp [dD 

20{_n | anend | nep | anendep | - ] - 7 


Cycles 


1025 entnd +p 
Example ET DAT24 ;(DP = 8) 
or 
LT * ;If current auxiliary register 


;contains 1048. 


Before Instruction After Instruction 
Data Data 
Memory Memory 
T oT 62h 
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Load T Register and Accumulate Previous Product LTA 


Syntax 
Direct: [<label>] LTA <dma> 
Indirect: [<label>] LTA {ind}[,<next ARP>] 


Operands 0 < dma < 127 
O < next ARP < 7 


Execution (PC) +17 PC 
| (dma) > T register 
(ACC) + (shifted P register) ~ ACC 


Affects OV; affected by OVM and PM. 
Affects C (TMS320C25). 


Encoding — 15 14 13 12 11 10 9 8 F7 6 5 4 3 2 1 =O 


Direct:}0 0 1 1 #1 +4 +0 +1f0, Data Memory Address 
(O. © 4. 4, tt. O. Auta See Section 4.1 


Description TheT register is loaded with the contents of the specified data memory 
address (dma). The contents of the product register, shifted as defined by 
the PM status bits, are added to the accumulator, with the result left in the 
accumulator. 


Indirect: 


The function of the LTA instruction is included in the LTD instruction. 


Words 1 


Cycles 


1 | aed [tsp | aeaep | - | 
24 


Cycle Timings for a Repeat Execution 
20[-n | 2n+nd [np ee 
[a tener 
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LTA Load T Register and Accumulate Previous Product 


Example LTA DAT36 ;(DP = 6, PM = 0) 
or : 
LTA * ;1f current auxiliary register 
;contains 804. 


Before Instruction After Instruction 
Data Data 
Memory 62h Memory 
804 804 
T T 62h 
P P 
ace ace [9 
C C 
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LTD 


Load T Register, Accumulate 
Previous Product, and Move Data LTD 


Syntax 


Direct: 
Indirect: 


Operands 


Execution 


Encoding 


Direct: 


Indirect: 


Description 


Words 


Cycles 


‘20 
‘C25 


‘20 
‘C25 


[<label>] LTD <dma> 
[<label>] LTD {ind}[,<next ARP>] 


O < dma < 127 
O < next ARP < 7 


(PC) +14 PC 

(dma) —> T register 

(dma) ~ dma + 1 

(ACC) + (shifted P register) ~ ACC 


Affects OV; affected by OVM and PM. 
Affects C (TMS320C25). 


15 14 13 12 11 10 9 8 FJ 6 5 4 3 2 1 =O 


0 0 1 1 1 1 1 1 Data Memory Address 
a ae a ee ee ee ee See Section 4.1 


The T register is loaded with the contents of the specified data memory 
address (dma). The contents of the P register, shifted as defined by the 
PM status bits, are added to the accumulator, and the result is placed in the 
accumulator. The contents of the specified data memory address are also 
copied to the next higher data memory address. 


This instruction is valid for blocks B1 and B2, and is also valid for block 
BO if block BO is configured as data memory. The data move function is 
continuous across the boundary of blocks BO and B1, but cannot be used 
with external data memory or memory-mapped registers. This function is 
described under the instruction DMOV. Note that if used with external data 
memory, the function of LTD is identical to that of LTA. 


1 


Cycle Timings for a Single Instruction 


i PI/DI PI/DE PE/DI | _PE/DE | PR/DI PR/DE 
4 | ae | ap | ata | 
rz 


Cycle Timings for a Repeat Execution 
: 


Load T Register, Accumulate he 2 
LTD Previous Product, and Move Data LTD 


Example LTD DAT126. ;(DP = 7, PM = OQ). 
or | 
LTD * ;If current auxiliary register 


scontains 1022. 


Before Instruction After Instruction 
Data Data 
Memory Memory 
1022 1022 
Data | Data 
Memory Memory 
TO 8h | T 62h 
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Load T Register and Store 


LTP P Register in Accumulator LTP 
Syntax 


Direct: [<label>] LTP <dma> 
Indirect: [<label>] LTP {ind}[,<next ARP>] 


Operands O < dma < 127 
QO < next ARP < 7 


Execution (PC) +1 —>PC 
(dma) — T register 
(shifted P register) ~ ACC 


Affected by PM. 
Encoding 15 14 13 12 11 10 9 8 7F 6 5 4 3 2 1 =O 
0 


Direct:} O O 1 1 1 1 1 Data Memory Address 
Indirect:|0 0 1 #1 #1 #4 «1 ~«0 See Section 4.1 


Description The T register is loaded with the contents of the addressed data memory 
location, and the product register is stored in the accumulator. The shift at 
the output of the product register is controlled by the PM status bits. 


Words 1 


Cycles 
Cycle Timings for a Single Instruction 
PI/Dl ' PI/DE PE/DI PE/DE PR/DI PR/DE 
24d Taree | - 
1 
2nendep: pe | 
Tenend+p[ np | 1entnd 
Example LTP DAT36 ;(DP = 6, PM = 0) 
or 
LTP * ;1f current auxiliary register 


scontains 804. 


Before Instruction After Instruction 
Data Data 
Memory Memory 
804 
T T 62h 
Ace Acc OF 
C Cc 


LTS 


Syntax 


Direct: 
Indirect: 


Operands 


Execution 


Encoding 


| Direct: 


indirect: 


Description 


Words 


Cycles 


Example 


4-100 


‘20 
‘C25 


‘20 | 


‘C25 


Load T Register, Subtract Previous Product 


(<label>] LTS <dma> 
[<label>] LTS {ind}[,<next ARP>] 


O < dma < 127 
O < next ARP < 7 


(PC) +1—>PC 
(dma) — T register 
(ACC) - (shifted P register) ~ ACC 


Affects OV; affected by PM and OVM. 
Affects C (TMS320C25). 


15 14 13 12 11 10 9 8 FY 6 5 4 3 2 14 =O 


a ee a ee ee Data Memory Address 


1 | See Section 4.1 | 


The T register is loaded with the contents of the addressed data memory 
location. The contents of the product register, shifted as defined by the 
contents of the PM status bits, are subtracted from the accumulator. The 
result is left in the accumulator. | 


1 


Cycle Timings for a Single Instruction 


LTS  DAT36 ;(DP = 6, PM = QO) 
or 
LTS * ;If current auxiliary register 


scontains 804. 


Before Instruction After Instruction 
Data Data 
Memory | 62h Memory 62h 
804 804 


p [om] ep [on] 


Multiply and Accumulate MAC 


Syntax 
Direct: [<label>] MAC <pma>,<dma> 
Indirect: [<label>] MAC <pma>,{ind}[,<next ARP> ] 


O < pma < 65535 
O < dma < 127 
O < next ARP < 7 


Operands 


Execution TMS32020: 


(PC) +2 + TOS 
(pma) > PC 


If (repeat counter) # 0: 
Then (ACC) + (shifted P register) ~ ACC, 
(dma) > T register, 
(dma) x (pma, addressed by PC) -> P register, 
Modify AR(ARP) and ARP as specified, 
(PC) +7 = PC, 
(repeat counter) - 1 > repeat counter. 


Else (ACC) + (shifted P register) ~ ACC 

(dma) — T register 

(dma) x (pma, addressed by PC) .— P register 

Modify AR(ARP) and ARP as specified. 
(TOS) ~ PC 


Affects OV; affected by OVM and PM. 


TMS320C25: 


(PC) +27 PC 
(PFC) ~ MCS 
(pma) > PFC 


If (repeat counter) # 0: 
Then (ACC) + (shifted P register) ~ ACC, 
(dma) > T register, 
(dma) x (pma, addressed by PFC) -— P register, 
Modify AR(ARP) and ARP as specified, 
(PFC) + 1 > PFC, 
(repeat counter) - 1 > repeat counter. 
Else (ACC) + (shifted P register) > ACC 
(dma) > T register 
(dma) x (pma, addressed by PFC) - P register 
Modify AR(ARP) and ARP as specified. 
(MCS) > PFC. 


Affects C and OV; affected by OVM and PM. 
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MAC 


Encoding 


Direct: 


Indirect: 


Description 


4-102 


Multiply and Accumulate 


15 14 13 12 11 10 9 8 7 6 565 4 3 2 1 =«0 


a ee ee ee ge Data Memory Address _ 


Program Memory Address 


1 See Section 4.1 = 


Program Memory Address 


The MAC instruction multiplies a data memory value (specified by dma) 
by a program memory value (specified by pma). It also adds the previous 
product, shifted as defined by the PM status bits, to the accumulator. 


The data and program memory locations on the TMS320C25 may be any 
nonreserved, on-chip or off-chip memory locations. If the program memory 
is block BO of on-chip RAM, then the CNF bit must be set to one. On the 
TMS32020, data and program memory locations must reside on-chip. Note 
that on both devices, the upper eight bits of the program memory address 
should be set to OFFh tn order to address BO program RAM, and the upper 
six bits of dma should be set to O to address a location below 1024. When 
used in the direct addressing mode, the dma cannot be modified during 
repetition of the instruction. 


When the MAC instruction is repeated, the program memory address con- 
tained in the PC/PFC is incremented by one during its operation. This en- 
ables accessing a series of operands in memory. MAC is useful for long 
sum-of-products operations, since MAC becomes a single-cycle instruction 
once the RPT pipeline is started. 


2 


Cycle Timings for a Single Instruction 
'  Pl/Dl PI/DE PE/DI PE/DE PR/DI PR/DE 
3 | NA | 3-~ | wa | - | - 1 


Table in on-chip RAM: 

3 4+d 4+2p 5+d+2p 4 5+d 
Table in on-chip ROM: 

4 5+d 4+2p 5+d+2p 4 5+d 
Table in external memory: 


4+p 5+d+p 4+3p 5+d+3p 4+p 


Cycle Timings for a Repeat Execution 


Table in on-chip RAM: 


2+n 2+2n+nd 3+n+2p 3+2n+nd+2p 3+n 3+2n+nd 
Table in on-chip ROM: 
3t+n 3+2n+nd 3t+nt+2p 3+2n+nd+2p 3tn 3+2nt+nd 
Table in external memory: 
3t+nt+np 3+2n+nd 3tnt+np 3+2nt+nd+np 3+n+np 3+2n+nd 
; +np +2p +2p 


+np 


Multiply and Accumulate 


Example 


SPM 
CNFP 


LARP 


3 


1 


LRLK 1,768 


RPTK 255 


MAC OFFOOh,*+ 


MAC 


;Select a shift-right-by-6 mode 


70On PR output. 


;Configure block BO as program 
;memory (OFFXXh). 
;Use AR1 to address block Bl. 
;Point to lowest location in 


sRAM block Bl. 


;Compute 256 sum-of-product 


;operations. 
;Multiply/accumulate and 


sincrement AR1. 


The following example shows register and memory contents before and af- 
ter the third step repeat loop: 


AR1 
RPT 
PC/PFC 


Data 
Memory 
770 


Program 
Memory 
65282 


Before Instruction 
302h | 


OFDh 


OFFO2h 


23h 


AR1 
RPT 
PC/PFC 
Data 


Memory 
770 


Program 
Memory 
65282 


P 


acc [o| 
C 


After Instruction 
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MACD Multiply and Accumulate with Data Move 


Syntax 
Direct: [<label>] MACD <pma>,<dma> 
Indirect: [<label>] MACD <pma>,{ind}[,<next ARP>] 


0 < pma < 65535 
O < dma < 127 
O < next ARP < 7 


Operands 


Execution TMS32020: 


(PC) +2 - TOS 
(pma) ~ PC 


If (repeat counter) # 0: 
Then (ACC) + (shifted P register) ~ ACC, 
(dma) ~ T register, 
(dma) x (pma, addressed by PC) > P register, 
(dma) ~ dma + 1, 
Modify AR(ARP) and ARP as specified, 
(PC) + 41 — PC, 
(repeat counter) - 1 > repeat counter. 


Else (ACC) + (shifted P register) ~ ACC 

(dma) —> T register 

(dma) x (pma, addressed by PC) -> P register 

(dma) ~ dma +17, 

Modify AR(ARP) and ARP as pepe 
(TOS) ~ PC 


Affects OV; affected by OVM and PM. 


TMS320C25: 


(PC) +2—-+PC 
(PFC) ~ MCS 
(pma) ~ PFC 


If (repeat counter) # O: 
Then (ACC) + (shifted P register) ~ ACC, 
(dma) — T register, 
(dma) x (pma, addressed by PFC) > P register, 
(dma) ~ dma + 1, 
Modify AR(ARP) and ARP as specified, 
(PFC) 4%. PFC, 
(repeat counter) - 1 > repeat counter. 


Else (ACC) + (shifted P register) ~ ACC 

(dma) — T register 

(dma) x (pma, addressed by PFC) > P register 

(dma) ~ dma + 1, 

Modify AR(ARP) and ARP as specified. 
(MCS) ~ PFC 


Affects Cc and OV; affected by OVM and PM. 
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Multiply and Accumulate with Data Move | MACD 


Encoding 


Direct: 


Indirect: 


Description 


15 14 13 12 11 10 9 8 7 6 565 4 3 2 1 =O 


0 1 0 1 1 1 0 0 Roe Data Memory Address 
Program Memory Address 


— ono Address 


The MACD instruction multiplies a data memory value (specified by mee 
by a program memory value (specified by pma). It also adds the previous 
product, shifted as defined by the PM status bits, to the accumulator. 


The data and program memory locations on the TMS320C25 may be any 
nonreserved, on-chip or off-chip memory locations. If the program memory 
is block BO of on-chip RAM, then the CNF bit must be set to one. On the 
TMS32020, data and program memory locations must reside on-chip. Note 


— that on both devices, the upper eight bits of the program memory address 


Words 


should be set to OFFh in order to address BO program RAM, and the upper 
six bits of dma should be set to O to address a location below 1024. When 
used in thie direct addressing mode, the dma cannot be modified during 
repetition of the instruction. If MACD addresses one of the memory- 
mapped registers or external memory as a data memory location, the effect 
of the instruction will be that of a MAC instruction (see the DMOV in- 
struction description). 


MACD functions in the same manner as MAC, with the addition of data 
move for block BO, B1, or B2. Otherwise, the effects are the same as for 
MAC. This feature makes MACD useful for applications such as convo- 
lution and transversal filtering. 


When the MACD instruction is repeated, the program memory address 
contained in the PC/PFC is incremented by one during its operation. This 
enables accessing a series of operands in memory. When used with RPT 
or RPTK, MACD becomes a single-cycle instruction once the RPT pipeline 
is started. 


Note: 


The data move function for MACD can only occur within the data 
blocks, BO-B2, of the on-chip RAM. 
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Cycles | | 
Cycle Timings for a Single Instruction 
PI/DI  PI/DE PE/DI PE/DE PR/DI PR/DE 
20; 3) | N/A | 3+2p | N/A TO OTe 
‘C25 | Table in on-chip RAM: 
3 4+d 4+2p 5+d+2p 4 5+d 
Table in on-chip ROM: 
4 5+d 4+2p 5+d+2p 4 5+d 
Table in external memory: 
4+p 5+d+p 4+3p 5+d+3p 7 
| Cycle Timings for a Repeat Execution 
20{_ 2tn | N/A To 2tn+2p [N/A | 
‘C25 Table in on-chip RAM: 
2+n 2+2n+nd 3tn+2p 3+2n+nd+2p 3+n 3+2n+nd 
Table in on-chip ROM: 
3+n 3+2n+nd 3tnt+2p 3+2n+nd+2p 3+n 3+2n+nd 
Table in external memory: | 
3+n+np 3+2n+nd 3tnt+np 3+2ntnd+np 3+n+np 3+2n+nd 
+np +2p +2p +np 
Example SPM 0 | ;Select no shift mode on PR output. 
| SOVM ;Set overflow mode. 
CNFP ;Configure block BO as program 
;memory (OFFXXh). 
LARP 3 ;Use AR3 to address block Bl. 
LRLK 3,1023 ;Point to highest location in 
;RAM block Bl. 
RPTK 255 ;Compute 1 sample of a length-256 
;convolution. 
MACD OFFOOh, *- ;Multiply/accumulate, shift data word 


;in block Bl, and decrement AR3. 


The following example shows register and memory contents before and af- 
ter the third step repeat loop: : 


| Before Instruction After Instruction 
AR1 3FDh AR1 . 3FCh 
RPT OFDh RPT | OFCh 
PC/PFC OFFO2h PC/PFC OFFO3h 
Data ——— Data 
Memory 23h Memory 23h 
1021 1021 
Dat Data 
Memory | 7FCh } Memory 
1022 1022 : 
Program | Program , 
Memory OFAAAh Memory OFAAAh 
65282 65282 
p |  458972h P OFFFF453Eh 
ACC 723EC41h acc [o|| _76975B3h 
C C 
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Modify Auxiliary Register | MAR 


Syntax 
Direct: 
Indirect: 


Operands 


Execution 


Encoding 


Direct: 


Indirect: 


Description 


Words 
Cycles 
’20 
C25 


‘20 
‘C25 


[<label>] MAR <dma> 
[<label>] MAR {ind}[,<next ARP>] 


0 < dma s 127 
O < next ARP < 7 


(PC) +1—> PE 


Modifies ARP, AR(ARP) as specified by the indirect addressing field 
(acts as a NOP in direct addressing). 


165 14 13 12 11 10 9 8 7 6 5 4 3 2 141 =O 


oO 1 0 1-0 1 © io | Data Memory Address 
1 See Section 4.1 | 


The MAR instruction acts as a no-operation instruction in the direct ad- 
dressing mode. In the indirect addressing mode, the auxiliary registers and 
the ARP are modified; however, no use is made of the memory being refer- 
enced. MAR is used only to modify the auxiliary registers or the ARP. Ifa 
next ARP is specified, the old ARP is copied to the ARB field of status re- 
gister ST1. Note that any operation that MAR performs can also be per- 
formed with any instruction that supports indirect edeieee i: ARP may 


also be loaded by an LST instruction. 


In the direct addressing mode, MAR is a NOP. Also, the instruction LARP 
is a subset of MAR (i.e., MAR *,4 performs the same function as LARP 4). 


1 


a [tf ip | te | - | - 
it kt ee 
[2 [| np [| om | - 7 
ome ese one. ep ne 
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MAR 


Example 1 


Example 2 


Example 3 
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MAR *,1 
ARP 
MAR *- 
AR14 
MAR ¥*4+,5 
AR‘ 
ARP 


Modify Auxiliary Register 


;Load the ARP with 1. 


Before Instruction After Instruction 
ARP 


;Decrement current auxiliary register (in 
;this case, AR1). 


Before Instruction After Instruction 
— 35h AR1 34h 


;Increment current auxiliary register (AR1) 
;and load ARP with 5. 


Before Instruction After Instruction 
| 4h AR1 35h 


ARP 


Ww 
— 


Multiply 


Syntax 


MPY 


Direct: [<label>] MPY <dma> 
Indirect: [<label>] MPY {ind}[,<next ARP>] 


Operands 


Execution 


Encoding. 


Direct: 


indirect: 


Description 


Words 


Cycles 


Example 


O < dma < 127 
O < next ARP < 7 


(PC) +1—>PC 
(T register) x (dma) > P register 


15 14 13 12 1110 9 8 7 6 5 4 3 2 1 #0 


0 0 1 1 1 0 0 0 Ge) Data Memory Address 
0 0 1 4 4 0 0 Of1. See Section 4.1 


The contents of the T register are multiplied by the contents of the ad- 
dressed data memory location. The result is placed in the P register. 


1 


Cycle Timings for a Single Instruction 


P!/Di | PI/DE | PE/DI PE/DE PR/DI PR/DE 
1 | 2a | tp | 2earp | - [| - 
: 


Cycle Timings for a Repeat Execution 


L2n+nd+p | = | 
i+n+nd Li+ntnd+p | on 


MPY DAT13 ;(DP = 8) 

or 

MPY * ;If current auxiliary register 
;contains 1037. 


Before Instruction After Instruction 
Data Data 
1037 0 
T T 
P 36h P 2Ah 
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Multiply and Accumulate 


MPYA Previous Product (TMS320C25) MPYA 
Syntax 


Direct: [<label>] MPYA <dma> 
Indirect: [<label>] MPYA {ind}[,<next ARP>] 


Operands 0 < dma < 127 
O < next ARP < 7 


Execution (PC) +17 PC 
(ACC) + (shifted P register) ~ ACC 
(T register) x (dma) — P register 


Affects C and OV; affected by OVM and PM. 
Encoding 15 14 1312 1110 9 8 7 6 56 4 3 2 1 «0 


Direct:| 0 O 1 1 1 0 1 0 HO. Data Memory Address 
oe a oe on ee oe ee See Section 4.1 


‘Description The contents of the T register are multiplied by the contents of the ad- 
| dressed data memory location. The result is placed in the P register. The 
previous product, shifted as defined by the PM status bits, is also added to 

the accumulator. 


Indirect: 


Cycle Timings for a Single Instruction 
PI/DI PI/DE PE/DI PE/DE PR/DI ‘PR/DE 
a ee ea ee ee ee ee ee 


Cycle Timings for a Repeat Execution 


‘C25 


Example MPYA DAT13 ;(DP = 6, PM = 0) 
or 
MPYA * ;If current auxiliary register. 


;contains Toke 


Before Instruction After Instruction 


Memory | 7h | = Memory 
781 781 
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Multiply Immediate MPYK 


Syntax 
Operands 


Execution 


Encoding 


[<label>] MPYK <constant> 


-4096 < constant < 4095 
-212 < constant < 2'2 - 1 


(PC) +17 PC 
(T register) x constant ~ P register 


Not affected by SXM. 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 


13-Bit Constant 


Description _Thecontents of the T register are multiplied by the signed, 13-bit constant. 


Words 


Cycles 


Example 


The result ts loaded into the P register. The immediate field is right-justified 
and sign-extended before multiplication, regardless of SXM. 


—_ 


= Cycle Timings for a Single Instruction 
PI/DI PI/DE PE/DI PE/DE PR/DI PR/DE 


(0 ft |. ie | | 
cf. | 1 tp Pe P| 1 Pt 
C25 


MPYK ais 


Before Instruction After Instruction 
TO fh T 
p 2Ah p OFFFFFFCth 
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Multiply and Subtract | 
MPYS Previous Product (TMS320C25 MPYS 


Syntax © 
Direct: [<label>] MPYS <dma> 
Indirect: [<label>] MPYS {ind}[,<next ARP>] 


Operands 0 < dma < 127 
O < next ARP < 7 


Execution (PC) +1—7PC 
(ACC) - (shifted P register) ~ ACC 
(T register) x (dma) > P register 


Affects C and OV; affected by OVM and PM. 
Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 141 =#=0 


Direct:} 0 0 1 1 #1 «0 1 «+Ff0] Data Memory Address 
ee ee ee ee ee See Section 4.1 . 


Description The contents of the T register are multiplied by the contents of the ad-. 
dressed data memory location. The result is placed in the P register. The 
previous product, shifted as defined by the PM status bits, is also sub- 
tracted from the accumulator. 


Indirect: 


Cycle Timings for a Single Instruction 
PI/Di PI/DE PE/DI PE/DE PR/DI PR/DE 
a a ee eee ee 


Cycle Timings for a Repeat Execution 


Example MPYS DAT13 ;(DP = 6, PM = 0) 
or | 
MPYS * ;If current auxiliary register contains 781. 
Before Instruction After Instruction 
Data Data 
Memory Memory 
781 781 
T T 
P 36h P 2Ah 
Acc Sah ace [i 
C Cc 
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Multiply Unsigned (TMS320C25) MPYU 


Syntax 


Direct: [<label>] MPYU <dma> 
Indirect: 


Operands 


Execution 


Encoding 


Direct: 


Indirect: 


Description 


Words 


Cycles 


Example 


[<label>] MPYU {ind}{,<next ARP>] 


O < dma < 127 
O < next ARP < 7 


(PC) +1 —> PC 
Unsigned (T register) x unsigned (dma) — P register 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =#«0 


t 0 0 1 A Oe Data Memory Address 
1 1 0 oO 1 1 1 1 ce See Section 4.1 


The unsigned contents of the T register are multiplied by the unsigned 
contents of the addressed data memory location. The result is placed in the 
P register. Note that the multiplier acts as a 17 x 17-bit signed multiplier for 
this instruction, with the MSB of both operands forced to zero. 


The shifter at the output of the P register will always invoke sign-extension 
on the P register when PM = 3 (right-shift by 6 mode). Therefore, this shift 
mode should not be used if unsigned products are desired. 


The MPYU instruction is particularly useful for computing multiple-preci- 
sion products, such as when multiplying two 32-bit numbers to yield a 
64-bit product. 


1 


Cycle Timings for a Single Instruction 
Pl/DI PI/DE PE/DI PE/DE PR/DI PR/DE 
SS Se BNE ct Sen So EE 


Cycle Timings for a Repeat Execution 


[a tenend | ntp [tenendep] nm | denen 


MPYU DAT16 ;(DP = 4) 


or 
MPYU * ;If current auxiliary register contains 528. 


Before Instruction After Instruction 


Data Data 
sa | OFFFFh | rete | OFFFFh | 


T OFFFFh i OFFFFh 
p p OFFFEOO01h 


4-113 


NEG 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


Example 
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‘20 


’C25 


‘20 
‘C25 


Negate Accumulator 


[<label>] NEG 
None 

(PC) +17 PC 
(ACC) x -1 > ACC 


Affects OV; affected by OVM. 
Affects C (TMS320C25). 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 #0 
1 1 0. 0 1 1 1 0 oO 9O 1 0 oO 90 1 1 


The contents of the accumulator are replaced with its arithmetic comple- 
ment (two’s complement). The OV bit is set when taking the NEG of 
80000000h. If OVM = 1, the accumulator contents are replaced with 
7FFFFFFFh. If OVM = 0, the result is 80000000h. The carry bit C on the 
TMS320C25 is reset to zero by.this instruction for all nonzero values of the 
accumulator, and set to one if the accumulator equals zero. 


1 


PYDE pe/DE | PR/DI 
cot {t+ | wp [| mp [| - | - 
P41 ep ee 


ee es ee a ee a ee 
aaa ee ee eee ee 


NEG 


Before Instruction After Instruction 


| C C 


No Operation NOP 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


‘20 
‘C25 


‘20 
‘C25 


Example 


[<label>] NOP 
None 
(PC) 4:7. PC 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 
0 1 0 1 0 1 0 1 0 0 0 0 0 0 0 O 


No operation is performed. The NOP instruction affects only the PC. NOP 
functions in the same manner as the MAR instruction in the direct ad- 
dressing mode; NOP. has the same opcode as MAR in the direct addressing 
mode with dma = 0. 


The NOP instruction is useful as a pad or temporary instruction during 
program development. 


1 


[—pyor | Pype | Pe/o1 | Pe/DE | PR/DI_| PRIDE 
1 ft dP te | te | - | - 
1 | tp | tp [1 | 1 
Se 
[nf nf ep [ep | oP 


NOP 
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NORM 
Syntax 


Operands 


Execution 


Encoding 


Description 


Words 
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Normalize Contents of Accumulator 


[<label>] NORM (TMS32020) 
[<label>] NORM {ind} (TMS320C25) 


None 


T™MS32020: 
(PC) +1 PC 


If (ACC(31)).XOR.(ACC(30)) = 0: 
Then TC ~ O, 
(ACC) x 2 ~ ACC, 
Modify AR(ARP) as specified; 
Else TC > 1. 


Affects TC; affected by TC. 


TMS320C25: 
(PC) +14 PC 


If (ACC) = 0: | 
Then TC > 1; | 
Else, if (ACC(31)).XOR.(ACC(30)) = 0: 
Then TC — 0, 
(ACC) x 2 —~ ACC, 
Modify AR(ARP) as specified; 
Else TC > 1. 


Affects TC; affected by TC. 
15 14 13 12 1110 9 8 7 6 5 4 3 2 1 =0 


1 1 0 oO 1 1 1 0 1 Modify AR 0 0 1 O 


The NORM instruction is provided for normalizing a signed number that is 
contained in the accumulator. Normalizing a fixed-point number separates 
it into a mantissa and an exponent. To do this, the magnitude of a sign- 
extended number must be found. ACC bit 31 is exclusive-ORed with ACC 
bit 30 to determine if bit 30 is part of the magnitude or part of the sign ex- 
tension. If they are the same, they are both sign bits, and the accumulator 
is left-shifted to eliminate the extra sign bit. 


The AR(ARP) is modified as specified to generate the magnitude of the 
exponent. It is assumed that AR(ARP) is initialized before the normaliza- 
tion begins. The default modification of the AR(ARP) is an increment. 


Multiple executions of the NORM instruction may be required to completely 
normalize a 32-bit number in the accumulator. Although using NORM with 
RPT or RPTK does not cause execution of NORM to “fall out” of the repeat 
loop automatically when the normalization is complete, no operation is 
performed for the remainder of the repeat loop. Note that NORM functions 
on both positive and negative two’s-complement numbers. 


1 ~ 


Normalize Contents of Accumulator NORM 


Cycles 
Cycle Timings for a Single Instruction 
PI/DI PI/DE PE/DI PE/DE PR/DI PR/DE 
cs Oe ee ee a es ee (ee ia 
‘C25 1 1+p 
Cycle Timings for a Repeat Execution 
cs ae an a ee ee ee ee ee 
COB) eee Df Oe 
Example 1 31-Bit Normalization: 
LARP 1 ;Use AR1 for exponent storage. 
LARK see. ;Clear out exponent counter. 
LOOP NORM. *+ ;One bit is normalized. 
_ BBZ LOOP ;If TC = O, magnitude not found yet. 
Example 2 15-Bit Normalization: 
LARP 1 ;Use AR1 to store the exponent. 
LARK 1,15 ;Initialize exponent counter. 
RPTK 14 ;1i5-bit normalization is specified 


; (yielding a 4-bit exponent and 
;lo-bit mantissa). 

NORM as ;NORM automatically stops shifting 
;when the first significant magnitude 
;bit is found, performing NOPs for 
;the remainder of the repeat loop. 


The first method is used to normalize a 32-bit number and yields a 5-bit 
“exponent magnitude. The second method is used to normalize a 16-bit 
number and yields a 4-bit exponent magnitude. If the number requires only 
a small amount of normalization, the first method may be preferable to the 
second. This results because Example 1 runs only until normalization is 
complete. Example 2 always executes all 15 cycles of the repeat loop. 
Specifically, Example 1 is more efficient if the number requires five or less 
shifts. If the number requires six or more shifts, Example 2 is more efficient. 


Note: 


The TMS32020 accepts only the NORM instruction (no operand). 
Source code compatibility of the TMS320C25 with the TMS32020 al-. 
lows the NORM instruction to also be used without a specified oper- 
and. In that case, any comments on the same line as the instruction will 
be interpreted as the operand. If the first character is an asterisk (*), 
then the instruction will be assembled as NORM * with no auxiliary 
register modification taking place upon execution. The user Is therefore 
advised to replace the NORM instructions with NORM *+ when the 
default modification of increment is desired. 


The resulting value in the auxiliary register will not be the real exponent 
of the number for all modification options. However, it can always be 
used to obtain the exponent. 
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OR OR with Accumulator 


Syntax 
Direct: [<label>] OR <dma> 
Indirect: [<label>] OR {ind}[,<next ARP>] 


Operands 0 < dma < 127 
O < next ARP < 7 


Execution (PC) + 7T = PC 
(ACC(15-0)) .OR.dma > ACC(15-0) 
(ACC(31-16)) ~ ACC(31-16) 


Not affected by SXM. 


Encoding 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 «#0 
Direct:|0 1 0 0 1 #1 +0 #1404 Data Memory Address 
Indirect: 


Description The low-order bits of the accumulator are ORed with the contents of the 
addressed data memory location. The high-order bits of the accumulator 
are ORed with all zeroes. Therefore, the upper half of the accumulator is 
unaffected by this instruction. 


| Cycle Timings for a Single Instruction 
PI/DI PI/DE PE/DI PE/DE PR/DI PR/DE 


2of1 | 2 | tp | aap | - | - 
C28 


Cycle Timings for a Repeat Execution 
[on] 2nend | ntp | anendtp | 


25 [| ttnend | rtp | 1+ntnd+p, 
Example OR DATS ;(DP = 8) 
or | | 
OR * ;Where current auxiliary register 


scontains 1032. 


Before Instruction After Instruction 
Data Data 
Memory OFOOOh Memory OFOOOh 
1032 1032 


C C 
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OR Immediate with Accumulator with Shift ORK 


Syntax 
Operands 
Execution 
Encoding 
Description 
Words 
Cycles 
‘20 
’C25 
‘20 
‘C25 
Example 


[<label>] ORK <constant>([,<shift>] 


16-bit constant 
0 < shift < 15 (defaults to 0) 


(PC) +2—>PC . 
(ACC(30-0)).OR.[constant x 2Shift} — ACC(30-0) 
(ACC(31)) > ACC(31) 

Not affected by SXM. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 14 =O 
110 1] shih [0 0 0 0 0 7 07 
16-Bit Constant 


The left-shifted 16-bit immediate constant is ORed with the accumulator. 
The result is left in the accumulator. Low-order bits below and high-order 
bits above the shifted value are treated as zeroes. The corresponding bits 
of the accumulator are unaffected. Note that the most-significant bit of the 
accumulator is not affected, regardless of the shift code value. 


2 


[syste Timings fora Single Instruction Sid 

PE/DE 
2 {2 | 2+ | 2a [| - | - | 

[nat repectebie 


ORK OFFFFh,8 


Before Instruction After Instruction 


 C c 
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OUT 


Output Data to Port 


Syntax 


Direct: [<label>] OUT <dma>,<PA> 
Indirect: [<label>] OUT {ind},<PA>[,<next ARP>] 


Operands 


Execution 


Encoding 


indirect: 


Direct: 


Description 


Words 


Cycles 


Example 
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‘20 
‘C25 


‘20 
'C25 


O < dma < 127 
O < next ARP < 7 
O <s port address PA < 15 


(PC) +17 PC . 

Port address PA — address bus A3-A0 
0 — address bus A15-A4 

(dma) — data bus D15-D0 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 +90 


1 1 1 0 Port Address Data Memory Address ; 
1 1 1. 0| Port Address See Section 4.1 


The OUT instruction writes a 16-bit value from a data memory location to 
the specified I/O port. The IS line goes low to indicate an |/O access, and 
the STRB, R/W, and READY timings are the same as for an external data 
memory write. OUT is a single-cycle instruction when in the PI/DI memory 
configuration (see Appendix |). . 


1 


PR/DI_| PRIDE 
[tn | ards | ape | Seaep | 
[neni | 2nend+ni | anepeni [anendepen] - | 


aes ee ee pee 
+ni 


OUT 78h,7 ;(DP = 4) Output data word stored in data 
;memory location 78h to peripheral on 
;port address 7. 


or 

OUT * ,OFh ;Output data word referenced by current 
;auxiliary register to peripheral on port 
;address OFh. | 


Load Accumulator with P Register PAC 


Syntax 
Operands 
Execution 
Encoding 
Description 
Words 
Cycles 
‘20 
‘C25 
‘20 
‘C25 
Example 


[<label>}] PAC 
None 


(PC) +1—- PC 
(shifted P register) ~ ACC 


Affected by PM. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 
1 1 0 0 1 7 «1 £0 0 0 0 1 +0 +1 +0 Of 


The contents of the P register are loaded into the accumulator, shifted as 
specified by the PM status bits. 


1 


Cycle Timings for a Single Instruction 
PI/DI P1I/DE PE/DI PE/DE PR/DI ~PR/DE | 
a aes Saas ie (RN ee) OE ae: (ee 


oad [itp [tp [| 1 | 74 
Cycle Timings for a Repeat Execution | ; 
a ae a ee eee ee 
ee ee ee sc ee a es 
PAC ;(PM = 0) 
Before Instruction After Instruction 


P ~144h P 144h 
ACC 23h ACC 144h | 
sc 
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POP 


Syntax 
Operands 


Execution 


Encoding 


Description 
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Pop Top of Stack to Low Accumulator 


[<label>] POP 
None | 


(PC) +14 PC 
(TOS) ~ ACC(15-0) 
0 — ACC(31-16) 
Pop stack one level. 


15 14 13 12 1110 9 8 7 6 5 4 3 2 1 =O 
1 1 OO O 147 1 +1 =0O 0 90 O 1 1 +1 =O 1 


The contents of the top of the stack (TOS) are copied to the low accu- 
mulator, and the stack popped after the contents are copied. The upper half 
of the accumulator is set to all zeros. 


The hardware stack is a last-in, first-out stack with four (TMS32020) or 
eight (TMS320C25) locations. Any time a pop occurs, every stack value 
is copied to the next higher stack location, and the top value is removed 
from the:stack. After a pop, the bottom two stack words will have the same 
value. Because each stack value is copied, if more than three/seven pops 
(due to POP, POPD, or RET instructions) occur before any pushes occur, 
all levels of the stack contain the same value. No provision exists to check 
stack underflow. | 


1 


ee ee 
1 | 1 | tp [wp [| 1. ] 7 


Pop Top of Stack to Low Accumulator 


Example 


POP 


Before Instruction 


C 


Stack 
(20) 


Stack 
(C25) 


POP 


After Instruction 


C 


Stack 
(20) 


Stack 
(C25) 
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POPD 


Syntax 


Pop Top of Stack to Data Memory 


Direct: [<label>] POPD <dma> 
Indirect: [<label>] POPD {ind}[,<next ARP>] — 


Operands 


Execution 


Encoding 


Direct: 


Indirect: 


Description 
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O < dma < 127 
O < next ARP <7 


(PC) +1 > PC 
(TOS) > dma 
POP stack one level. 


15 14 13 12 1110 9 8 7 6 5 4 3 2 1 «0 


0 1 1 1 1 0 1 0 Data Memory Address 
LO A OT See Section 4.1 


The value from the top of the stack is transferred into the data memory lo- 
cation specified by the instruction. The values are also popped in the lower 
three (TMS32020) or seven locations (TMS320C25) of the stack. The 
hardware stack is described in the previous instruction POP. The lowest 
stack location remains unaffected. No provision exists to check stack un- 
derflow. 


2 [| 2a [2p | 2dr | - | - 
In [anend | 2nep [ anendep | - [ 
[nf mend [np [tenendep] nm | nend 


Pop Top of Stack to Data Memory 


Example POPD DAT100 


or 
POPD * 


POPD 
;(DP = 8) 
;If current auxiliary register 
scontains 1124. 
Before Instruction After Instruction 
Data 
55h Memory 92h 
1124 
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PSHD Push Data Memory Value onto Stack 


Syntax 
Direct: [<label>] PSHD <dma> 
Indirect: [<label>] PSHD {ind}[,<next ARP>] 


Operands O < dma < 127 
O < next ARP < 7 


Execution (dma) ~ TOS 


(PC) +1—7PC 
Push all stack locations down one level. 


Encoding 15 14 13 12 11109 8 7 6 5 4 3 2 1 ~=0 


Direct:| O 1 0 1 Oo 61 0 oO Data Memory Address 
Indirect}0 1 #O 1 O 1 0 of1 | See Section 4.1 


Description The value from the data memory location specified by the instruction is 
transferred to the top of the stack. The values are also pushed down in the 
lower three (TMS32020) or seven locations (TMS320C25) of the stack, 
as described in the instruction PUSH. The lowest stack location is lost. 


Words 1 


Cycles 


Cycle Timings for a Single instruction 


zo[ 2. | 2+ | 2p | 2eep | - | - 
1025 
Cycle Timings for a Repeat Execution 

20[7 an | 2nend_[ 2ntp | 2ntndep |---| 
25 [nn | tentna | _ntp | tentndrp| mn | tenend | 
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Push Data Memory Value onto Stack PSHD 


Example PSHD DAT127 ;(DP = 3) 
or 
PSHD * ;1If current auxiliary register 


scontains 511. 


Before Instruction After Instruction 
Data Data 
Memory 65h Memory 65h 
511 511 
Stack Stack 
(20) (20) 
Stack Stack 
(C25) (C25) 
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Push Low Accumulator onto Stack 


PUSH 
Syntax [<label>] PUSH 
Operands None 
Execution (PC) +1 PC 
Push all stack locations down one level. 
(ACC(15-0)) ~ TOS 
' Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 
1 1 0 0 1 1 1 0 0 0 0 1 1 1 0 O 
Description  Thecontents of the lower half of the accumulator are copied onto the top 


of the hardware stack. The stack is pushed down before the accumulator 
value is copied. 


The hardware stack is a last-in, first-out stack with four (TMS32020) or 
eight locations (TMS320C25). If more than four/eight pushes (due to 
CALA, CALL, PSHD, PUSH, or TRAP instructions) occur before a pop, the 
first data values written will be lost with each succeeding push. 


Words 1 


Cycles 
Cycle Timings for a Single Instruction 
‘20 
"C25 
Cycle Timings for a Repeat Execution 
20[- 2m] 2m | 2ntp | 2ntp | - | > 
cos{ on |» | asp | a | | 7» 
Example PUSH 


After Instruction 


Before Instruction 
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C C 
Stack 2h Stack | 7h 
(20) 5h (20) | 2h 
3h 5h 
Oh 3h 
Stack Stack 
(C25) (C25) 


Reset Carry Bit (TMS320C25) | RC 


Syntax 
Operands 


Execution 


Encoding 


[<label>] RC 
None 


(PC) +1—-> PC 
0 > carry bit C in status register ST1 


Affects C. 


15 14 13 12 1110 9 8 7 6 5 4 3 2 1 =O 
1 1 0 0 4 4 -1 O O O 141 41 O OF OD O 


Description The carry bit C in status register ST1 is reset to logic zero. The carry bit 


Words 


Cycles 


Example 


cof_1 [| + | wo [| we | 1 | 1 
cos [one 


may also be loaded directly by the LST1 and SC instructions. 
1 


Cycle Timings for a Single Instruction 
PI/DI | PI/DE PE/DI PE/DE PR/DI PR/DE 


Cycle Timings for a Repeat Execution 
n¢p of 


RC ;The carry bit C is reset to logic zero. 
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RET | | 7 Return from Subroutine 


Syntax [<label>] RET 
Operands None 


Execution (TOS) > PC 
Pop stack one level. 


Encoding 15 14 13 12 11109 8 7 6 5 4 3 2 1 #0 
a ae ae a ee ee ee ee ee ee ee eee 


Description The contents of the top stack register are copied into the program counter. 
The stack is then popped one level. RET is used with CALA and CALL for 
subroutines. | 


___Cycle Timings for a Single Instruction | 
PI/DI _ PI/DE —_PE/DI PE/DE PR/DI PR/DE | 
a ee ee ee ee ee ee ee ee eee 


‘20 


’C25 Destination on-chip RAM: 
2 2 2+p 2+p 2 2 
Destination on-chip ROM: ; 
3 3 3+p 3+p 3 3 
Destination external memory: 
3+p 3+p 3+2p 
Cycle Timings for a Repeat Execution | 
20[7—~S~*~Ct repeatable 
’C25 = not repeatable _ | 
Example RET 
Before Instruction After Instruction 
PC . 96h PC 37h 
Stack 37h Stack 45h 
(20) 45h (20) 75h 
75h 21h 
21h 21h 
Stack Stack 
(C25) (C25) 
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Reset Serial Port Frame 


RFSM Synchronization Mode (TMS320C25) RFSM 


Syntax [<label>] RFSM | 
Operands None 
Execution (PG) = 1-3) PC 


0 ~ FSM status bit in status register ST1 
Affects FSM. 


Encoding 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 OQ 
1 1 0 0 1 1 1 0 0 0 1 1 0 1 1 0 


Description The RFSM status bit resets the FSM status bit to logic zero. In this mode, 
external FSR pulses are not required to initiate the receive operation for 
each word received, but rather only one FSR pulse is required to initiate a 
“continuous mode” of operation. The same holds true for FSX when TXM 
= Q. After the first FSR/FSX pulse, these inputs are then in a “don’t care” 
state. If TXM = 1, FSX is pulsed the first time DXR is loaded, but remains 
low thereafter. See Section 3.9 for further details on the operation of the 
serial port. FSM may also be loaded by the LST1 and SFSM instructions. 


wh 


Words 


Cycles . 


[ror PDE | Pe/bI | Pe/DE | PR/DI| PRIDE 
EE 


Example RFSM ;FSM is reset, putting the serial port 
| ;in a mode of operation where frame 
;synchronization pulses are not required. 
>This allows a continuous bit stream to. 
;be transmitted/received without FSX/FSR 
;pulses every 8/16 bits. 


'C25 


‘C25 
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RHM 


Syntax 
Operands 


Execution 


Encoding 


Description 


caf [Tn | np | mp ] oo 7 = 


Example 
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Reset Hold Mode (TMS320C25) 


[<label>] RHM 
None 


(PC) +1 > PC 
0 — HM status bit in status register ST1 


Affects HM. 


15 14 13 12 1110 9 8 7 6 5 43 2 1 
1. 1 0 0 1 ] 1 0 0 0 1 1 1 0 0 0 


The RHM instruction resets the HM status bit to logic zero. In this mode, 
the TMS320C2x is not halted during the assertion of HOLD when executing 
from on-chip program memory (either RAM or ROM), but instead places 
its external buses in the high-impedance state and continues execution 
until an external access must be made. External access can mean (in addi- 
tion to the normal connotation) the following conditions: 


MP/MC CNF PC 
0 O- PC 4096 
0 1 4096 < PC < 65279 
1 .O Any PC value (normal 
TMS32020-type hold mode) 
1 1 PC < 65279 | 


HM can also be loaded by the LST1 and SHM instructions. 


[ryor_[pype | Pel | Pe/De | pA/bl | PRIDE 
i {1 |i [1 [1 | 1 


RHM ;HM is reset, implementing the TMS320C25 
;hold mode for on-chip program execution. 


Rotate Accumulator Left (TMS320C25) ROL 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


‘C25 
‘C25 


Example 


[<label>] ROL 
None 


(PC) 1 PC 

(ACC(31)) > C 
(ACC(30-0)) ~ ACC(31-1) 
(C, before ROL) ~ ACC(0Q) 
Affects C. 

Not affected by SXM. 


15 14 1312 1110 9 8 7 6 5 4 3 2 1 «0 
1 14 0 0 4 t+ 4+ O@ OF Q 41 41 OO 4t OO OQ 


The ROL instruction rotates the accumulator left one bit. The MSB is 
shifted into the carry bit, and the value of the carry bit from before the exe- 
cution of the instruction is shifted into the LSB. 


1 


1 Pt Pp Pe | ot 
[a foe tp Pn 


ROL 


Before Instruction After Instruction 


C C 
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ROR Rotate Accumulator Right (TMS320C25) 


Syntax [<label>] ROR 


Operands None 
Execution (PC) +1-7PC 


(ACC(0)) + C 
(ACC(31-1)) ~ ACC(30-0) 
(C, before ROR) ~ ACC(31) 
Affects C. 

Not affected by SXM. 


Encoding 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0 
BE O_O -- OG - HR OP MG. On - BR A ee i 


Description The ROR instruction rotates the accumulator right one bit. The LSB is 
shifted into the carry bit, and the value of the carry bit from before the exe- 
cution of the instruction is shifted into the MSB. 


Words 1 


Cycles 


Cycle Timings for a Single Instruction 
PI/DI PI/DE | PE/DI | PE/DE PR/DI PR/DE 


7 35 ce 
Example ROR 


Before Instruction After Instruction 


ACC [o| 0B0001234h ACC [o| 5800091 Ah 
C C 
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Reset Overflow Mode ROVM 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


‘20 


cos[_1 [1 [1p [| 1 | 


Example 


[<label>] ROVM 
None 


(PC) +17 PC 
0 > OVM status bit in status register STO 


Affects OVM. 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 #0 


1 1 0 0 14 4 4 0 0 0 0 0 0 060 1 +0 


The OVM status bit is reset to logic zero, which disables the overflow mode. 
If an overflow occurs with OVM reset, the OV (overflow flag) is set, and the 
overflowed result is placed in the accumulator. 


OVM may also be loaded by the LST and SOVM instructions. 
1 


Cycle Timings for a Single Instruction | | 


PI/Di PI/DE PE/DI PE/DE PR/DI PR/DE 
a NN Ne A a ee 
a ae a 


Cycle Timings for a Repeat Execution 


ROVM :The overflow mode bit OVM is reset, 
;disabling the overflow mode on any 
;subsequent arithmetic operations. 
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Repeat Instruction as 


RPT Specified by Data Memory Value RPT 
Syntax 
Direct: [<label>] RPT <dma> 
Indirect: [<label>] RPT {ind}[,<next ARP>] 
Operands 9 < dma < 127 
| : O < next ARP < 7 
Execution (PC).4:1- PC 
(dma(7-0)) > RPTC — 
Encoding 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 «0 


1 0 0 1 0 1 
Indirect:|0 1 0 O 1 O 1 Ei See Section 4.1 


Description — The eight LSBs of the addressed data memory value are loaded into the 
repeat counter (RPTC). This causes the following instruction to be exe- 
cuted one time more than the number loaded into the RPTC (provided that 
it is a repeatable instruction). Interrupts are masked out until the next in- 
struction has been executed the specified number of times. (Interrupts 
cannot be allowed during the RPT/next instruction sequence, because the 
RPTC cannot be saved during a context switch.) The RPTC counter is 


TS 


cleared on a RS. | 


| 


RPT and RPTK are especially useful for repeating instructions, such as 
BLKP, BLKD, IN, MAC, MACD, NORM, OUT, TBLR, TBLW, and others. 


Words 1 


Cycles 


Cycle Timings for a Single Instruction 
P1/DI PI/DE PE/DI — PE/DE | PR/DI PR/DE 


Cycle Timings for a Repeat Execution . 
not repeatable ae eee 
| not repeatable 
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Repeat Instruction as 


RPT Specified by Data Memory Value RPT 
Example RPT DAT127 ;(DP = 31) 
SFR 
or 
RPT ry ;1If current auxiliary register 
scontains 4095. 
SFR 
Before Instruction After Instruction 
Data , Data 
Memory OCh Memory OCh 
4095 4095 


ace fl [izsase7an] ace [o] [120480 ] 
| C C 
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Syntax 
Operands 


Execution 


Encoding 


Description 


Repeat Instruction as 


RPTK Specified by Immediate Value RPTK 


[<label>] RPTK <constant> 
O < constant < 255 


(PC) +17PC 
Constant ~ RPTC 


15 14 13 12 1110 9 8 FY 6 5 4 °3 2 1 =9O 


1100 40 1 4] —~bik Constant 


The 8-bit immediate value is loaded into the RPTC (repeat counter). This 
causes the following instruction to be executed one time more than the 
number loaded into the RPTC (provided that it is a repeatable instruction). 
Interrupts are masked out until the next instruction has been executed the 
specified number of times. (Interrupts cannot be allowed during the 


. RPT/next instruction sequence because the RPTC cannot be saved during 


Words 
Cycles 
20 
‘C25 


“20 
‘C25 


Example 
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a context switch.) The RPTC is cleared on a RS. 


RPT and RPTK are especially useful for repeating instructions, such as 
BLKP, BLKD, IN, MAC, MACD, NORM, OUT, TBLR, TBLW, and others. 


1 


—. ot is i i= | 
ro fk | ee | ae fe Le 


not repeatable Sa ae 
not repeatable | | | 


LRLK  AR2,200h ;Load AR2 with the address of X. 


ZAC ;Clear the accumulator. 

MPYK O ;Clear the P register. 

RPTK 2 ;Repeat next instruction 3 times. 
SORA ee Compute X**2 + Y**2 + 2**¥2, 


Reset Sign-Extension Mode RSXM 


Syntax 
Operands 
‘Execution 
Encoding 
Description 
Words 
Cycles 
‘20 
"C25 
‘20 
"C25 
Example 


[<label>}] RSXM 

None 

(PC) +17 PC 

0 ~ SXM sign-extension mode status bit 
Affects SXM. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 14 =Q 
1 1 0 860 1 1 1 0 0 0 Oo O oO 1 1 O 


The RSXM instruction resets the SXM status bit to logic zero, which sup- 
presses sign-extension on shifted data memory values for the following 
arithmetic instructions: ADD, ADDT, ADLK, LAC, LACT, LALK, SBLK, SUB, 
and SUBT. 


The RSXM instruction affects the definition of the SFR instruction. SXM 
may also be joaded by the LST1 and SSXM instructions. 


1 


PE/DI_| _PE/DE | PR/DI_| PRIDE 
A 
ome ee 


RSXM ;SXM is reset, disabling sign-extension on 
;subsequent instructions. 
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RTC | Reset Test/Control Flag (TMS320C25) 


Syntax [<label>] RTC 
Operands None 


Execution (PC) +17 PC 
| 0 > TC test/control flag in status register ST1 


Affects TC. 


Encoding 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0 
1 1 #0 0 4 1 1 OO OO O° 4 1 0 0. 414 O 


Description The TC (test/control) flag in status register ST1 is reset to logic zero. TC 
may also be loaded by the LST1 and STC instructions. 


Words 1 


Cycles 


| | Cycle Timings for a Single Instruction 
PI/DI PI/DE PE/DI PE/DE _ PR/DI PR/DE 


Cycle Timings for a Repeat Execution 


‘C25 [ae Se a ee 


Example RTC ;TC (test/control) flag is reset to logic zero. 
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Reset Serial Port Transmit Mode 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


Example 


[<label>] RTXM 


None 


(PC) +174PC 
0 — TXM transmit mode status bit 


Affects TXM mode bit. 
15 14 13 12 11 10 9 8 F7 6 5 4 3 2 1 


1 


1 0 860 1 1 1 0 oO QO 1 0 0 Qa 9 


RTXM 


The RTXM instruction resets the TXM status bit, which configures the serial 
port transmit section in a mode where it is controlled by an FSX (external 
framing pulse). The transmit operation is started when an external FSX 
pulse is applied. TXM may also be loaded by the LST1 and STXM in- 
structions. 


1 


Cycle Timings for a Single Instruction 
= —— PE/DI PE/DE PR/DI PR/DE 
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RXF Reset External Flag 


Syntax [<label>] RXF 


Operands None 

Execution (PC) +17 PC 
0 — XF external flag pin-and status bit 
Affects XF. 


Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 
7 1 #14 OO O 1 1 14 0 0 0 0 0 1 1 O 0 


Description The XF pin and XF status bit in status register ST1 are reset to logic zero. 
XF may also be loaded by the LST1 and SXF instructions. 


Words 1 


Cycles 


Cycle Timings for a Single Instruction 
PDI PI/DE PE/DI PE/DE PR/DI PR/DE 
1 ae 


Example RXF ;XF pin and status bit are reset to logic zero. 
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Store High Accumulator with Shift SACH 


Syntax 


Direct: [<label>] SACH <dma>|[,<shift>] 
Indirect: [<label>] SACH {ind}[,<shift>[,<next ARP>]] 


Operands 


Execution 


Encoding 


Direct: 


0 < dma < 127 

O < next ARP <7 

0 < shift < 0, 1, or 4 (defaults to 0) on the TMS32020 
O < shift < 7 (defaults to 0) on the TMS320C25 


(PC)+1 >PC 
16 MSBs of (ACC) x 28hift = ama 


Not affected by SXM. 
15 14 13 12 11 10 9 8 7 6 5 
1 0 


4 3 2 1 O 


Indirect} 0 1 1 © 14] Shift | 1] See Section 4.1 


Description 


Example 


The SACH instruction copies the entire accumulator into a shifter, where it 
shifts the entire 32-bit number O, 1, or 4 bits on the TMS32020, or any- 
where from 0 to 7 bits on the TMS320C25.It then copies the upper 16 bits 
of the shifted value into data memory. The accumulator itself remains un- 
affected. 


1 


2rd [tp | aearp | - [| - 
SK 
[an anend | ontp | anenaep | iSO 
Tn nen [tp [tenenaep| np nen 


SACH DAT10,4 ;(DP = 4) 

or 

SACH #*,4 ;If current auxiliary register 
scontains 522. 


Before Instruction After Instruction 


c C 


Data 


Data 
Memory Memory 4208h 
522 522 
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SACL 


Syntax 


Direct: 
Indirect: 


Operands 


Execution 


Encoding 


Direct: 


Store Low Accumulator with Shift 


[<label>] SACL <dma>[,<shift>] 
{[<label>] SACL {ind}[,<shift>[,<next ARP>]] 


0 < dma < 127 

O < next ARP <7 

O < shift < 0, 1, or 4 (defaults to 0) on the TMS32020 
O < shift < 7 (defaults to 0) on the TMS320C25 


(PC) +1 > PC ; 
16 LSBs of (ACC) x 28hift = ama 


Not affected by SXM. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
1 0 0 


Indirect: See Section 4.1_ 


Descript 


Words 


Cycles 


Example 
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jon 


’20 
‘C25 


‘20 
‘C25 


The low-order bits of the accumulator are shifted left 0, 1, or 4 bits on the 
TMS32020 or anywhere from 0 to 7 bits on the TMS320C25, as specified 
by the shift code, and stored in data memory. The low-order bits are filled 
with zeros, and the high-order bits are lost. The accumulator itself is unaf- — 
fected. 


1 


24 sap | - | - 
[nT anend [nt | anendep | 
[| nena | nto | t+nenarp | on 


SACL DATI11,1 ;(DP = 4) 
or 
SACL *,1 ;If current auxiliary register 


scontains 523. 


Before Instruction After Instruction 


Cs «, | C 


Data Data 
Memory Memory 842h 
523 | 523 


a 


Store Auxiliary Register SA 


Syntax 
Direct: [<label>] SAR <AR>,<dma> 
Indirect: [<label>] SAR <AR>_{ind}[,<next ARP>] 


Operands O < dma < 127 
QO< auxiliary register AR < 7 
O < next ARP < 7 


Execution (PC) + PC 
(AR) > dma 
Encoding 15 14 13 12 11 10 9 


Direct: [oso] an Data Memory Address 
Indirect:} 0 1 1 1 0 See Section 4.1 


Description Thecontents of the designated auxiliary register (AR) are stored in the ad- 
dressed data memory location. 


When modifying the contents of the current auxiliary register in the indirect 
addressing mode, SAR ARn (when n = ARP) stores the value of the auxil- 
iary register contents before it is incremented, decremented, or indexed by 


C28 Se ET 
20 {1 [amend [n+p | anendep |---| 
cas [0 [mend [np [tenendep[ no [| nend 
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SAR : 7 | Store Auxiliary Register 


Example 7 SAR ARO,DAT30 ;(DP = 6) 


or 
SAR ARO,* ;If current auxiliary register 


scontains 798. 


Before Instruction After Instruction 


ARO 37h ARO 
Data Data 
Memory 18h Memory 37h 
798 : 798 
Example 2 LARP ARO 
SAR ARO, *O+ 


ARO 401h ARO 802h 


Data 


Memory Memory 401h 
1025 1025 


7) 
“Si 
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Subtract from Accumulator 


SBLK | Long Immediate with Shift SBLK 


Syntax 
Operands | 


Execution 


Encoding 


Description | 


Words 
Cycles 
‘20 
"C25 


'20 
‘C25 


Example 


[<label>] SBLK <constant>[,<shift>] 


16-bit constant 
O < shift < 15 (defaults to 0) 


(PC) +2-—>PC o 
(ACC) - [constant x 28hift] — ACC 


lf SXM = 1: . 

Then -32768 < constant < 32767. 
If SXM = 0: 

Then 0 < constant < 65535. 


Affects OV; affected by OVM and SXM. 
Affects C (TMS320C25). 


15 14 13 12 11 10 9 8 7F 6 5 4 3 2 1 =O 


110 i] shk [00 0 0 0 0 11 
16-Bit Constant 


The immediate field of the Instruction is subtracted from the accumulator. 
The result replaces the accumulator contents. SXM determines whether the 
constant is treated as a signed two’s-complement number or as an un- 
signed number. The shift count is optional and defaults to zero. 


NO 


[2 [2 | 2+ | 2m [| - | - | 
[rot repeatable dd 


SBLK a yb2 


Before Instruction After Instruction 


C Cc 
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Subtract from Auxiliary Register 


SBRK Short Immediate (TMS320C25) SBRK 


Syntax 
Operands 


Execution 


Encoding 


Description 


Example 
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[<label>] SBRK <constant> 
0 < constant < 255 


(PC) +17 PC 
AR(ARP) - 8-bit positive constant ~ AR(ARP) 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =0 


The 8-bit immediate value is subtracted, right-justified, from the currently 
selected auxiliary register with the result replacing the auxiliary register 
contents. The subtraction takes place in the ARAU, with the immediate 
value treated as an 8-bit positive integer. 


—_ 


a ES 


SBRK OFFh ; (ARP = 7) 


Before Instruction After Instruction 


AR7 ART OFFO1h 


Set Carry Bit (TMS320C25) SC 


Syntax [<label>] SC 
Operands None 
Execution (PC) +1 =-PC 
1 > carry bit C in status register ST1 
Affects C. 
Encoding 15 14 13 12 11 10 9 8 FY 6 5 4 3 2 1 #0 


1 1 0 0 1 | 1 0 0 0 1 1 0 860 0 1 


Description — The carry bit C in status register ST1 is set to logic one. The carry bit may 
also be loaded directly by the LST1 and RC instructions. 


Words 1 


Cycles 
Cycle Timings for a Single Instruction 


Pi/DI | PI/DE | PE/DI PE/DE PR/DI 
: pp tp. 1 


Cycle Timings for a Repeat Execution 


ntp n+p 


Example sc ;Carry bit C is set to logic one. 
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SFL 


Syntax 
Operands 


Execution 


Encoding | 


Description 


Words 


Cycles 


Example 
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‘20 


‘C25 


20 
'C25 


[<label>] SFL 
None 


TMS32020: 

(PC) +1 —7 PC 
(ACC(30-0)) ~ ACC(31-1) 
0 > ACC(0) | 

Not affected by SXM bit. 


TMS$320C25: 


(PC) +1—>PC 
(ACC(31)) > C 
(ACC(30-0)) > ACC(31-1) 
0 > ACC(0) 


Affects C. 
Not affected by SXM bit. 


15 14 13 12 11 10 9 


1 1 0 0 1 =1 


Shift Accumulator Left 


6 5 4 3 2 1 O 


0 oO 0 1 1 0 oO 90 


The SFL instruction shifts the entire accumulator left one bit. The least- 
significant bit is filled with a zero. On the TMS32020, the most-significant 
bit is lost. On the TMS320C25, the most-significant bit is shifted into the 
carry bit (C). Note that SFL, unlike SFR, is unaffected by SXM. 


1 


ae eee 
ee ae ae 


SFL 


Before Instruction 


C 


Ee 
a oe 


/ 


After Instruction 


C 


Shift Accumulator Right 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


[<label>] SFR 
None 


TMS32020: 


Then (acc(3t- 1)) + ACC (30-0) and 0 > ACC(31). 
If SXM = 1: 


Then (ACC(31-1)) ~ ACC(30-0) and (ACC(31)) ~ ACC(31). 


Affected by SXM bit. 


TMS320C25: 
(PC) +1—> PC 
If SXM = 0: 
Then (ACC(0)) > C 
(ACC(31-1)) ~ ACC (30-0) and 0 ~ ACC(31). 
lf SXM = 1: 
Then (ACC(0)) ~C 
(ACC(31-1)) ~ ACC(30-0) and (ACC(31)) ~ ACC(31). 


Affects C. 
Affected by SXM bit. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 


1 1 0 0 1 1 1 0 0 0 0 1 1 0 


The SFR instruction shifts the accumulator right one bit. 


SFR 


If SXM = 1, the instruction produces an arithmetic right shift. The sign bit 
(MSB) is unchanged and is also copied into bit 30. Bit 0 is shifted into the 


carry bit (C). 


If SXM = 0, the instruction produces a logical right shift. All of the accu- 
mulator bits are shifted by one bit to the right. The least-significant bit is 
shifted into the carry bit, and the most-significant bit is filled with a zero. 


On the TMS32020, note that bit O is lost. 
1 


Cycle Timings for a Single Instruction 
— 7 ae PE/DI PE/DE PR/DI PR/DE — 


yale Timings for a Repeat Execution 


Ee ee 
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SFR 


Example 17 


| Example 2 
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Shift Accumulator Right 


SFR - ;(SXM = 0) 


Before Instruction | After Instruction 


acc [x] | 0B0001234h acc [o|| 5800091Ah | 
C C 


SFR ;(SXM = 1) 


ACC 0B0001234h acc [o| [op800091Ah 
C C 


Set Serial Port Frame 


SFSM Synchronization Mode (TMS320C25) SFSM 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


"C25 
‘C25 


Example 


[<label>] SFSM 

None 

(PC) +1—7PC 

1 + FSM status bit in status register ST1 
Affects FSM. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 


1 1 0 860 1 1 1 0 oO QO 1 1 0 1 1 1 


The SFSM instruction sets the FSM status bit to logic one. In this mode, 
an external FSR pulse is required for a receive operation, and an external 
FSX pulse is required if TXM = O. If TXM = 1, FSX pulses are generated in 
the normal manner every time the transmit shift register XSR is loaded. See 
Section 3.7 for details on the operation of the serial port. FSM may also be 
loaded by the LST1 and RFSM instructions. 


1 


Se 


SFSM ;FSM is set, putting the serial port ina 
;mode of operation where frame synchronization 
;pulses are required for each word to be 
;transmitted or received. 
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SHM - Set Hold Mode (TMS320C25) 


Syntax .[<label>] SHM 
Operands None 
Execution (PC) +17 PC 
1 — HM status bit in status register ST1 
Affects HM. 
Encoding 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 «0 


1 1 O QO 1 1 1 O 0 O 1 1 1 0 OO 1 


Description The SHM instruction sets the HM status bit to logic one. In this mode, the 
TMS320C25 is halted in the normal manner whenever HOLD is asserted, 
regardless of the PC value or the state of the MP/MC pin. HM may also be 
loaded by the LST1 and RHM instructions. 


Words 1 


Cycles 


Cycle Timings for a Single Instruction 
_ — PE/DI PE/DE =< = 


Example SHM - 3HM is set, implementing the normal 
| ;(TMS32020-type) hold mode of operation. 
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Set Overflow Mode SOVM 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


‘20 
‘C25 


‘20 
‘C25 


Example 


[<label>] SOVM 
None 


(PC) +1—>PC 
1 —- overflow mode (OVM) status bit 


Affects OVM. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 #0 
1 1 0 0 1 1 1 0 0 0 0 0 0.60 1 1 


The OVM status bit is set to logic one, which enables the overflow (satu- 
ration) mode. If an overflow occurs with OVM set, the overflow flag OV is 
set, and the accumulator is set to the largest representable 32-bit positive 
(7FFFFFFFh) or negative (80000000h) number according to the direction 
of overflow. 


OVM may also be loaded by the LST and ROVM instructions. 
| 


ot [| 1 | wp | wp | - | - 
Tae oP 
i on ae | ee 
ee a ae we 


SOVM ;The overflow mode bit OVM is set, enabling 
;the overflow mode on any subsequent 
;arithmetic operations. 


4-155 


SPAC 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


Example 
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‘20 
’C25 


‘20 
‘C25 


Subtract P Register from Accumulator | 


[<label>] SPAC 

None 

(PC) + 1-7 PC 

(ACC) - (shifted P register) > ACC 


Affects OV; affected by PM and OVM. 
Affects C (TMS320C25). 
Not affected by SXM. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 #1 #0 
1 1 0 0 1 1 1 0 0 0 0 1 0. 61 1 O 


The contents of the P register, shifted as defined by the PM status bits, are 
subtracted from the contents of the accumulator. The result is stored in the 
accumulator. Note that SPAC is unaffected by SXM; the P register is always 
sign-extended. 


The SPAC instruction is a subset of LTS, MPYS, and SORS. 


4 


RE 
Tip 
[7 [| mp | mp | - 7] - 
ae en, eee a ee 


SPAC ;(PM = 0) 
Before Instruction . After Instruction 


acc 3ch] ace 
C 


Store High P Register (TMS320C25) SPH 


Syntax 
Direct: 
Indirect: 


Operands 


Execution 


Encoding 


Direct: 


Indirect: 


Description 


Words 


Cycles 


’C25 
‘C25 


Example 


[<label>] SPH <dma> 
[<label>] SPH {ind}[,<next ARP>] 


0 < dma < 127 
O < next ARP < 7 


(PC) +1—- PC 
(PR shifter output (31-16)) ~ dma 


Affected by PM. 


0 1 1 1 0 Data Memory Address 
on ee ae eee See Section 4.1 


The high-order bits of the P register, shifted as specified by the PM bits, 
are stored in data memory. Neither the P register nor the accumulator are 
affected by this instruction. High-order bits are sign-extended when the 
right-shift by 6 mode is selected. Low-order bits are taken from the low P 
register when left-shifts are selected. 


16 14 13 12 1110 9 8 7 6 5 4 3 2 1 =@9Q 
1 1 1 
1 


1 


EO OS 
[ening ntp [tenendep] on | nend 


SPH DAT3 ;(DP = 4, PM = 2) 
or 
SPH * ;1£f current auxiliary register contains 515. 


Before Instruction After Instruction 


P OFEO79844h P OFEO79844h 
Data Data 
Memory 4567h ray OEO79h 


515 
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SPL -_ Store Low P Register (TMS320C25) 


Syntax 
Direct: [<label>] SPL <dma> 
Indirect: [<label>] SPL {ind}[,<next ARP>] 


Operands O < dma < 127 
~~ QO < next ARP <7 
Execution (PC) +1—- PC 


(PR shifter output (15-0)) > dma 
Affected by PM. 


Encoding 15 14 13 12 11 10 9 8 F7 6 5 4 3 2 4 =@Q 
3 | 


Direct: | 0 1 Le 1 1 0 Data Memory Address 
Indirect:| O 1 1 1 1 1 Oo 0 ee See Section 4.1 : 


Description The low-order bits of the P register, shifted as specified by the PM bits, are 
stored in data memory. Neither the P register nor the accumulator are af- 
fected by this instruction. High-order bits are taken from the high P register 
when the right-shift by 6 mode is selected. Low-order bits are zero-filled 
when left-shifts are selected. 


Words 1 


Cycles 


Cycle Timings for a Single Instruction 
PI/DI PI/DE PE/DI PE/DE PR/DI PR/DE 


oft | tra | tp | 2+aep | 1 | ta 
Cycle Timings for a Repeat Execution 
28 [| nind | _ntp_[tentndep] mn [nnd 
Example SPL DAT3 ;(DP = 4, PM = 2) 
or 
SPL * ;If current auxiliary register contains 515. 


Before Instruction After Instruction 


P OFEO79844h , P OFEO79844h 
Data Data 
Merely 4567h Memory 8440h 


515 | 
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Set P Register Output Shift Mode SPM 


Syntax 
. Operands 
Execution 
Encoding 
Description 
Words 
Cycles 
‘20 
'C25 
‘20 
‘C25 
Example 


not repeatable 


[<label>] SPM <constant> 

O < constant < 3 

(PC) +1—7>PC 

Constant —~ product register shift mode (PM) status bits 
Affects PM. 


15 14 13 12 1110 9 8 7 6 56 4 3 2 1 «0 


1 1 0 0 1 14 4 £0 0 0 0 0 1 +Of PM | 


The two low-order bits of the instruction word are copied into the PM field 
of status register ST1. The PM status bits control the P register output 
shifter. This shifter has the ability to shift the P register output either one 
or four bits to the left or six bits to the right, or to perform no shift. The bit 
combinations and their meanings are shown below. 


PM ACTION 

00 No shift of multiplier output 

01 Output left-shifted 1 place and zero-filled 

10 Output left-shifted 4 places and zero-filled 

11 Output right-shifted 6 places, sign-extended; LSB bits lost. 


The left-shifts allow the product to be justified for fractional arithmetic. The 
right-shift by six bits has been incorporated to implement up to 128 multi- 
ply-accumulate processes without the possibility of overflow occurring. PM 
may also be loaded by an LST1 instruction. 


1 


tf te ee 
[not ropeatabie dT 


SPM 3 ;Product register shift mode 3 is selected, 
;causing all subsequent transfers from the 
;product register to the ALU to be shifted 
;to the right six places. 
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SQRA _ Square and Accumulate Previous Product 


Syntax | 
Direct: [<label>] SQRA <dma> 
Indirect: [<label>] SQRA {ind}[,<next ARP>] 


Operands O < dma < 127 
O < next ARP < 7 
Execution (PC) "(-3PC 


(ACC) + (shifted P register) ~ ACC 
(dma) > T register — 
(dma) x (dma) > P register 


Affects OV; affected by PM and OVM. 
Affects C (TMS320C25). 


Encoding 15 14 13 12 11 10 9 6 5 4 3 .2 1 QO 


8 7 
Direct:]}0 0 1 #1 #1 #0 0 1f0] Data Memory Address 
Indirect: | 1 See Section 4.1 | 


Description  Thecontents of the P register, shifted as defined by the PM status bits, are 
added to the accumulator. The addressed data memory value is. then loaded 
into the T register, squared, and stored in the P register. 


Words 1 


Cycles 


ee es a ee ee ee 
pon antnd | n+p | 2ntnd+p | 
eee ee! oe 


‘20 
"C25 


‘20 
‘C25 1+n+nd 
Example SQRA DAT30 ;(DP = 6, PM = 0) 
or 
SQRA * ;If current auxiliary register 


scontains 798. 


Before Instruction After Instruction 
Data : Data 
Memory OFh Memory 
798 798 
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Square and Subtract Previous Product | SQRS 


Syntax 
Direct: [<label>] SQRS <dma> 
Indirect: [<label>] SQRS {ind}[,<next ARP>] 


Operands 0 < dma < 127 
O < next ARP < 7 
Execution (PG) oT PC 


(ACC) - (shifted P register) ~ ACC 
(dma) — T register 
(dma) x (dma) > P register 


Affects OV; affected by PM and OVM. 
Affects C (TMS320C25). 


Encoding 15 14 13 12 11 10 9 8 7F 6 5 4 3 2 1 +90 
. 0 


Direct:| O 1 Oo 1 1 Oo 1 Data Memory Address 
Indirect:| 0 1 #O 1 #1 #0 14 Of1 | See Section 4.1 


Description  Thecontents of the P register, shifted as defined by the PM status bits, are 
subtracted from the accumulator. The addressed data memory value is then 
loaded into the T register, squared, and stored into the P register. 


Words 1 


Cycles -_ 
. Cycle Timings for a Single Instruction 
PI/DI PI/DE PE/DI PE/DE PR/DI PR/DE 
‘20 ae ee ea Ge 
‘C25 
| Cycle Timings for a Repeat Execution 
20] on | 2antnd | ntp | antndt+p | 
c25L__en | ttntnd | ontp | itntnd+p] on | t+ntnd | 
Example SORS DATO ;(DP = 6, PM = 0) 
or 
SORS x ;If current auxiliary register contains 777. 
Before Instruction | After Instruction 
Data Data 


p 190h P 40h 
ACC 1450h ACC 12COh 
C C 
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Store Status Register STO 


SST 
Syntax | | 
Direct: [<label>] SST <dma> 
Indirect: [<label>] SST {ind}[,<next ARP>] 
Operands 0 < dma < 127. 
O < next ARP < 7 
Execution (PC) +1—-7PC 
(status register STO) ~ dma | 
Encoding 15 14 13 12 1110 9 8 FJ 6 5 4 3 2 1 #0 
0 


Direct:}} 0 1 14 #71 #14 0 0. Data Memory Address 


Indirect:| 0 1 1 1 1 0 0 


See Section 4.1 


oo) 


Description Status register STO is stored in data memory. 
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C25 ae 


20[[ nm] anena ney | anendep | - 
cas [nf nnd | nep | tenendep| on 


In the direct addressing mode, status register STO is always stored in page 
O regardless of the value of the DP register. The processor automatically 
forces the page to be 0, and the specific location within that page is defined 
in the instruction. Note that the DP register is not physically modified. This 
allows storage of the DP register in the data memory on interrupts, etc., in 
the direct addressing mode without having to change the DP. In the indi- 

_ rect addressing mode, the data memory address is obtained from the auxil- 
lary register selected. (See the LST instruction for more information. ) 


The SST instruction can be used. to store status register STO after interrupts 
and subroutine calls. The STO contains the status bits: OV (overflow flag) 
bit, OVM (overflow mode) bit, INTM (interrupt mode) bit, ARP (auxiliary 
register pointer) bit, and DP (data memory page pointer) bit. The status 
bits are stored in the data memory word as follows: 


15 14 13° 12 11 10 9 8 7 6 5 4 3 2 4 0 


Note that SST * may be used to store status register STO anywhere in data 
memory, while SST in the direct addressing mode is forced to page 0. 


1 


Cycle Timings for a Single Instruction 
P1/DI PI/DE PE/DI -PE/DE PR/DI PR/DE 
2 A TE 


Cycle Timings for a Repeat Execution 


Store Status Register STO | SST 


Example SST DAT96 ;(DP = don't care) 
or 
SST * ;1£f current auxiliary register 


s;contains 96. 


Before Instruction After Instruction 
Status Status 
Register OA408h Register OA408h 
STO " TO 
Data Data 


Memory ~ QA Memory OA408h 
96 96 
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SST1 | Store Status Register ST1 


Syntax 3 | 
Direct: [<label>] SST1 <dma> 
Indirect: [<label>] SST1 {ind}[,<next ARP>] 


Operands 0 < dma < 127 
O < next ARP < 7 


Execution (PC) +1 > PC 
(status register ST1) > dma 


Encoding 15 14 1312 1110 9 8 7 6 5 4 3 2 1 «0 


Direct:}0 1 #1 14 #«+1 «0 0 140) Data Memory Address 
Indirect: 1 See Section 4.1 


Description Status register ST1 is stored in data memory. In the direct addressing mode, 
Status register ST1 is always stored in page O regardless of the value of the 
DP register. The processor automatically forces the page to be O, and the 
specific location within that page is defined in the instruction. Note that 
the DP register is not physically modified. This allows the storage of the 
DP in the data memory on interrupts, etc., in the direct addressing mode 
without having to change the DP. In the indirect addressing mode, the data 
memory address is obtained from the auxiliary register selected. (See the 
LST1 instruction for more information.) a 


SST1 is used to store status bits after interrupts and subroutine calls. ST1 
contains the status bits: ARB (auxiliary register pointer buffer), CNF (RAM 
configuration control) bit, TC (test/control) bit, SXM_ (sign-extension 
mode) bit, XF (external flag) bit, FO (serial port format) bit, TXM (transmit 
mode) bit, and the PM (product register shift mode) bit. ST1 on the 
TMS320C25 also contains the status bits: C (carry) bit, HM (hold mode) 
bit, and FSM (frame synchronization mode) bit. The bits loaded into status 
register ST1 from the data memory word are as follows: 


15 14 13 12 11 10 9 


8 7 6 5 4 3 2 1 0 
ct [11 Jami [rsmt [xr [ro[txm] Pm | 


tOn the TMS32020, bits 5, 6, and 9 are one’s. 


Note that SST1 * may be used to store status register ST1 anywhere in data 
memory, while SST1 in the direct addressing mode is forced to page 0. 


[1 { aed | tee | aedep | - 
caf 1 ted tsp | 2edep [| 1 | tea 
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Store Status Register ST1 SST1 


Example SST1l DAT97 ;(DP = don't care) 
or 
SST1 * ;Ilf current auxiliary register 


contains 97. 


Before Instruction | After Instruction 
Status Status 
Register OA7EOh Register OA7EOh 
ST1 ST1 
Data Data 


Memory OBh Memory OA7EOh 
97 97 
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SSXM 


Syntax 
Operands 


' Execution 


Encoding | 


Description 


Words 


Cycles 


Example 
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‘20 


'C25 


‘20 


‘C25 


Set Sign-Extension Mode 


[<label>] SSXM 
None 


(PC) +1-—-PC 
1 —~ SXM status bit in status register ST1 


Affects SXM. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 #0 
1 1 0 0 17 4 1 0 G0 0 0 O O 14 1 1 


The SSXM instruction sets the SXM status bit to logic 1, which enables 
sign-extension on shifted data memory values for the following arithmetic 
instructions: ADD, ADDT, ADLK, LAC, LACT, LALK, SBLK, SUB, and 
SUBT. 


SSXM also affects the definition of the SFR instruction. SXM may also be 
loaded by the LST1 and RSXM instructions. 


1 


PE/DE 
1 ft | wp [| me | - [| - | 
a SS 
we he re ee) 


SSXM ;SXM is set, enabling sign extension on 
;subsequent instructions. ? 


Set Test/Control Flag (TMS320C25) STC 


Syntax [<label>] STC 
Operands None 
Execution (PC) + 4 = PC 
1 —~ TC test/control flag in status register ST1 
Affects TC. 
Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =#0 


1 1 0 860 1 1 1 0 O 0 1 1 0 O 1 1 


Description  TheTC (test/control) flag in status register ST1 is set to logic one. TC may 
also be loaded by the LST1 and RTC instructions. 


Words 1 


Cycles 


Cycle Timings for a Single Instruction 


PI/DI PI/DE PE/DI PE/DE PR/DI PR/DE 
cof 1) 1 | ip | we | 1 | 1 


Cycle Timings for a Repeat Execution 


sors 2s i i a Sr 


Example STC ;TC (test/control) flag is set to logic one. 


4-167 


STXM Set Serial Port Transmit Mode 


Syntax [<label>] STXM 
Operands None 


Execution (PC) +17 PC 
1 —- TXM status bit in status register ST1 


Affects TXM. 


Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =.0 
1 1 0 0 1 1 1 0 0 0 1 0 0 0 0 1 


Description The STXM instruction sets the TXM status bit to logic 1, which configures 
the serial port transmit section to a mode where the FSX pin behaves as an 
output. A pulse is produced on the FSX pin each time the DXR register is 
loaded internally. The transmission is initiated by the negative edge of this 
pulse. TXM may also be loaded by the LST1 and RTXM instructions. If the 
FSM status bit is a logic zero and serial port operation has already started, 
the FSX pin will be driven low if TXM = 1. 


Words 1 


of 1 | 1 | wp | mp [| - | - 
Se a 
cos{_n fa [np fn 


Example STXM ;TXM is set, configuring FSX as an output. 
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Subtract from Accumulator with Shift SUB 


Syntax 


Direct: [<label>] SUB <dma>[,<shift>] 
Indirect: [<label>! SUB {ind}[,<shift>[,<next ARP>]] 


Operands 


Execution 


Encoding 


Direct: 


O < dma < 127 
O < next ARP < 7 
O < shift < 15 (defaults to 0) 


(PC) & 1 PC 
(ACC) - (dma) x 28hift] — acc 
lf SXM = 1: : 
Then (dma) is sign-extended. 
If SXM = 0: | 
Then (dma) is not sign-extended. 


Affects OV; affected by OVM and SXM. 
Affects C (TMS320C25). 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 14 =O 


0 0 0 1 | Data Memory Address 


nae oo shee S58 Suan 


Description 


Words 


Cycles 


Example 


‘20 
‘C25 


20 
‘C25 


The contents of the addressed data memory location are left-shifted and 
subtracted from the accumulator. During shifting, low-order bits are zero- 
filled. High-order bits are sign-extended if SXM is high and zero-filled if 
SXM is low. The result is stored in the accumulator. 


1 


PDI IDE | PE/DI | PE/DE | PR/DI_| PR/DE_ 
4 | 2ea_ [| t+ | 2eeep | - | - | 
E 
[a aaena [nep | 2nendep | - 
Pn] tenend [np [tenendep| | tenend 1 


SUB DAT80 ;(DP = 8) 


SUB * ;If current auxiliary register contains 1104. 
Before Instruction | After Instruction 
Data — Data 
Memory Memory 
1104 1104 
ACC 2a Acc 
C C 
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Subtract from Accumulator | 


SUBB with Borrow (TMS320C25) SUBB 


Syntax 


Direct: 
Indirect: 


Operands 


Execution 


Encoding 


Direct: 


Description 
Words 
Cycles 
"C25 
"C25 
Example 


4-170 


[<label>] SUBB <dma> 
[<label>] SUBB {ind}[,<next ARP>] 


0 < dma < 127 
O < next ARP < 7 


(PC) +1 +PC 
(ACC) - (dma) - (€) > ACC 


Affects C and OV; affected by OVM. 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =90 


1. Oo: 0 of a 4 
Indirect:| 0 1 0 O 14 1 #4 =«1414 | See Section 4.1 


The contents of the addressed data memory location and the value of the 
carry bit are subtracted from the accumulator. The carry bit is then affected 
in the normal manner (see Section 3.5.2). 


1 


+f ea fie | ara | 1) | 
[np tenend | ont [tenance] on | tenend 


SUBB DATS ;(DP = 8) 
or ) 
SUBB * ;If current auxiliary register 


ycontains 1029. 


Before Instruction After Instruction 


Data Data 
1029 1029 


ACC [o} ACC [o| OFFFFFFFFh 
C C 


In the above example, C is originally zeroed, presumably from the result of 
a previous subtract instruction that performed a borrow. The effective op- 
eration performed was 6 - 6 - (0) = -1, generating another borrow (and 
resetting carry again) in the process. | 


The SUBB instruction can be used in performing multiple-precision arith- 
metic. . 


Conditional Subtract | SUBC 


Syntax 
Direct: 
Indirect: 


Operands 


Execution 


Encoding 
Direct: 


Indirect: 


Description 


Words 


[<label>] SUBC <dma> 
[<label>] SUBC {ind}[,<next ARP>] 


O < dma < 127 
O < next ARP < 7 


(PC) +1 >PC 
(ACC) - [(dma) x 21°] + ALU output 
lf ALU output > 0: 


Then (ALU output) x 2 + 1 ~ ACC; 
Else (ACC) x 2 > ACC. 


Affects OV. 
Affects C (TMS320C25). 
Not affected by OVM (no saturation); is affected by SXM. 


15 14 13 12 11 10 9 8 7 6 56 4 3 2 14 O 


0 1 0 0 0 1 1 1 ce Data Memory Address 


1 See Section 4.1 | 


The SUBC instruction performs conditional subtraction, which may be used 
for division. The 16-bit dividend is placed in the low accumulator, and the 
high accumulator is zeroed. The divisor is in data memory. SUBC is exe- 
cuted 16 times for 16-bit division. After completion of the last SUBC, the 
quotient of the division is in the lower-order 16-bit field of the accumulator, 
and the remainder is in the high-order 16 bits if the accumulator. SUBC 
provides the normally expected results for division when both the divisor 
and dividend are positive. The divisor is affected by the SXM bit. lf SXM=1, 
then the divisor must have a 0 value in the MSB. If SXM=0, then any 16-bit 
divisor value will produce the expected results. The dividend, which is in 
the accumulator, must initially be positive (i.e. bit 31 must be 0) and must 
remain positive following the accumulator shift which occurs during the 
SUBC operation. 


If the 16-bit dividend contains less than 16 significant bits, the dividend 
may be placed in the accumulator left-shifted by the number of leading 
non-significant zeroes. The number of executions of SUBC is reduced from 
16 by that number. One leading zero is always significant. 


Note that SUBC affects OV but is not affected by OVM, and therefore the 
accumulator does not saturate upon positive or negative overflows when 
executing this instruction. 


1 


4-171 


SUBC | Conditional Subtract 


Cycles | | | 
Cycle Timings for a Single Instruction | 
PI/DI | PI/DE PE/DI PE/DE PR/DI | PR/DE 
201 | 2a | tp | 2p | - | - 
ca{ 1 | 2+ 
Cycle Timings for a Repeat Execution 
20[7 mn] antnd [n+p | 2nendtp | - | 
C25 
Example RPTK 15 
SUBC DAT2 7(DP = 4) 
or 
RPTK Le 
SUBC * ;Ilf current auxiliary register contains 514. 
Before Instruction After Instruction 
Data Data 
Memory Memory 
514 514 
ACC 4th | ACC ~ 20009h 
C Cc 
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Subtract from High Accumulator SUBH 


Syntax 


Direct: [<label>] SUBH <dma> 


Indirect: [<label>] SUBH {ind}[,<next ARP>] 


Operands 


Execution 


Encoding 


Direct: 


Indirect: 


Description 


Words 


Cycles 


Example 


‘20 
‘C25 


‘20 
‘C25 


0 < dma < 127 
O < next ARP <7 


(PC) +1—2>PC 
(ACC) - [(dma) x 2'6] + ACC 


Affects OV; affected by OVM. 
Affects C (TMS320C25). 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =#0 


oi Oo ©. O 7 Oo Clo. Data Memory Address 


0 a See Section 4.1 


The contents of the addressed data memory location are subtracted from the 
upper 16 bits of the accumulator. The 16 low-order bits of the accumulator 
are unaffected. The result is stored in the accumulator. The carry bit C on 
the TMS320C25 is reset if the result of the subtraction generates a borrow; 
otherwise, C is unaffected. 


The SUBH instruction can be used for performing 32-bit arithmetic. 


1 


[pypr | Pype | Pe/DI | PE/DE | PR/DI_| PRIDE | 
[1 [2a | tep | aedep | - | 
[ntp | 2nendep | - [| - | 
np [1 


np | Tenendp 
SUBH DAT33 ;(DP = 6) 
or 
SUBH * ;Ilf current auxiliary register contains 801. 
Before Instruction After Instruction 
Data Data 
Memory Memory 
801 801 


Cc C 
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Subtract from Accumulator | 


SUBK _ Short Immediate (TMS320C25) SUBK 


Syntax 
Operands 


Execution 


Encoding 


Description 


‘C25 


‘C25 


Example 
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[<label>] SUBK <constant> 
O < constant < 255 


(PC) +14 PC 
(ACC) - 8-bit positive constant ~ ACC 


Affects C and OV: affected by OVM. 
Not affected by SXM. | 


15 14 13 12 1110 9 8 7 6 5 4 3 2 1 #0 


The 8-bit immediate value is subtracted, right-justified, from the accu- 
mulator with the result replacing the accumulator contents. The immediate 
value is treated as an 8-bit positive number, regardless of the value of SXM. 


PR/D 
a 


SUBK 12h 


Before Instruction _After Instruction 


C C 


Subtract from Low Accumulator 


SUBS with Sign-Extension Suppressed SUBS 
Syntax 


Direct: [<label>] SUBS <dma> 
Indirect: [<label>] SUBS {ind}[,<next ARP>] 


Operands 0 < dma < 127 
| O < next ARP < 7 
Execution (PC) +17 PC 


(ACC) - (dma) > ACC 


Affects OV; affected by OVM. 
Affects C (TMS320C25). 
Not affected by SXM. 


Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 71 =O 


Direct:| OO 1 0 oO O 1 0 1 Data Memory Address 


{ 


Indirect:|0 1 0 0 0 1 0 1]1 | See Section 4.1 


Description  Thecontents of the addressed data memory location are subtracted from the 
accumulator with sign-extension suppressed. The data Is treated as a 16- 
bit unsigned number, regardiess of SXM. The accumulator behaves as a 
signed number. SUBS produces the same result as a SUB instruction with 
SXM = 0 and a shift count of 0. 


Words 1 


Cycles 


[1] 2a | tsp | aeaep [ - | - 
aa tee | aap |e 
[2 [anna [ney | 2nendep [| - -[ 
[on | tenend | nep | tenendep| nm | tenend 


Example SUBS DAT2 ;(DP = 16) 


or 
SUBS * ;Ilf current auxiliary register contains 2050. 


‘20 
‘C25 


‘20 
‘C25 


Before Instruction After Instruction 


Data Data 
Memory OFOO3h Memory OFOO3h 
2050 


2050 


Before Instruction After Instruction 


C C 
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Subtract from Accumulator 


SUBT_ with Shift Specified by T Register SUBT 
Syntax 


Direct: [<label>] SUBT. <dma> 
Indirect: [<label>] SUBT {ind}[,<next ARP>] 


Operands O < dma < 127 
: O < next ARP <7 


Execution (PC) +17 PC 
(ACC) - [(dma) x 2! register(3-0)] = (ACC) 
If SXM = 1: 
Then (dma) is sign-extended. 
If SXM = 0: 
Then (dma) is not sign-extended. 


Affects OV; affected by SXM and OVM. 
Affects C (TMS320C25). 


Encoding 16 14 13 12 11 10 9 8 7F 6 5 4 3 2 17 9 
0 


Direct: Data Memory Address 


1 0 0 01 1 
Indirect} 0 1 0 ©0 0 1 #1 0 See Section 4.1 


Description The data memory value is left-shifted and subtracted from the accumulator. 
The left-shift is defined by the four LSBs of the T register, resulting in shift 
options from O to 15 bits. The result replaces the accumulator contents. 
Sign-extension on the data memory value is controlled by the SXM status 
bit. | 


Words 1 


tf ea ftp | eee | - Od 
aT RCE a ET 


20{ nm] anend | nep | anendep |---| 
cas [_n | tenend | np [tenendep] nm | tenend 
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Subtract from Accumulator 


SUBT with Shift Specified by T Register SUBT 
Example SUBT DAT127 ;(DP = 4) 
or 
SUBT * ;1£f current auxiliary register contains 639. 
Before Instruction After Instruction 
Data | Data 
Memory Memory 
639 639 


T OFF98h T OFF98h 
ACC OFDASh ACC OF7A5h 
C 
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SXF ; Set External Flag 


Syntax [<label>] SXF 
Operands None 


Execution (PC) +1->PC 
1 > external flag (XF) pin and status bit 


Affects XF. 


Encoding 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 0 
1 14 #0 0 14 #4 4 #0 oO oO dO O 4 4 O 4 


Description The XF pin and the XF status bit in status register ST1 are set to logic 1. 
XF may also be loaded by the LST1 and RXF instructions. 


Words 1 


Cycles 


SSK AEN EL GA CE ME 
SN VP OE NE SER 


Example | SXF ;The XF pin and status bit are set to logic 1. 
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Table Read TBLR 


Syntax 
Direct: [<label>] TBLR <dma> 
Indirect: [<label>] TBLR {ind}[{,<next ARP>] 


Operands O < dma < 127 
O < next ARP < 7 


Execution TMS32020: 


(PC) + 1-7 TOS 
(ACC(15-0)) ~ PC 


If (repeat counter) # 0: 
Then (pma) > dma, 
Modify AR(ARP) and ARP as specified, 
(PC) + 1 PG, 
(repeat counter) - 1 > repeat counter. 


Else (pma) > dma 
Modify AR(ARP) and ARP as specified. 
(TOS) > PC 


TMS320C285: 


(PC) +1—>PC 
(PFC) > MCS 
(ACC(15-0)) ~ PFC 


If (repeat counter) # 0: 

Then (pma, addressed by PFC) > dma, 
Modify AR(ARP) and ARP as specified, 
(PFC) +1 — PFC, 

(repeat counter) - 1 > repeat counter. 


Else (pma, addressed by PFC) > dma 
Modify AR(ARP) and ARP as specified. 
(MCS) — PFC 


Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 


Direct} 0 1 0 4 1 #0 0 Of0| Data Memory Address 
Indirect: 7 7 0 See Section 4.1 


Description The TBLR instruction transfers a word from a location in program memory 
to a data memory location specified by the instruction. The program mem- 
ory address is defined by the low-order 16 bits of the accumulator. For this 
operation, a read from program memory is performed, followed by a write 
to data memory. When in the repeat mode, TBLR effectively becomes a 
single-cycle instruction, and the program counter that contains the ACCL 
is incremented once each cycle. 


On the TMS32020, the contents of the lowest stack location are lost when 
using the TBLR instruction. 


If the MP/MC pin on the TMS320C25 is low at the time of execution of this 


instruction and the program memory address used is less than 4096, an 
on-chip ROM location will be read. 
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Words 
Cycles 
20 
"C25 
‘20 
C25 
Example 
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Table in internal program memory: | 

3 3+d 3+p 
Table in external program memory: 
3+p 4+d+p 3+2p 


Table in on-chip RAM: 
2 2+d 

Table in on-chip ROM: 
3 3+d 


3+p 


4+p 
Table in external memory: 


3+p 3+d+p 4+2p 


Table in internal program memory: 


2+n 2+n+nd 2+nt+p 
Table in external program memory: 
2+n+np 2+2n+nd 2+n+np 
+np +p 
Table in on-chip RAM: 
1+n — 1+n+nd 2+n+p 
Table in on-chip ROM: 
2+n 2+n+nd 3+n+p 
Table in external memory: 
2+n+np 1+2n+nd+np 3+n+np 
+p 
TBLR DAT6 ;(DP = 4) 
or 
TBLR * 


Before Instruction 


Acc 
Program | 
Memory 306h 

23 

Data 

Memory 75h 
518 


Table Read 


Cycle Timings for a Single nStTMCHION 
PI/DI PI/DE PE/DI PE/DE PR/DI PR/DE 


34+d+p 
4+d+2p 
3+d+p 
A+d+p 


4+d+2p 


2+n+ndt+p 


2+2n+nd+np 
+p 

2+n+nd+p 2+n+nd 

3tntndtp 3+n+nd 


2+2n+nd+np 3+n+t+np 2+2nt+nd 
+p +np 


;If current auxiliary register contains 518. 


After Instruction 


ACC 
Program 
Memory 306h | 
23 
Data 
Memory 7 306h 
518 


Table Write TBLW 


Syntax 
Direct: 
Indirect: 


Operands 


Execution 


Encoding 
Direct: 


Indirect: 


Description 


[<label>] TBLW <dma> 
[<label>] TBLW {ind}[,<next ARP>] 


0 < dma < 127 
O < next ARP < 7 


TMS32020: 


(PC) +1-> TOS 
(ACC(15-0)) > PC 


If (repeat counter) # 0: 
Then (dma) ~ pma, 
Modify AR(ARP) and ARP as specified, 
(PC) +1 —7 PC, 
(repeat counter) - 1 > repeat counter. 


Else (dma) > pma 
Modify AR(ARP) and ARP as specified. 
(TOS) > PC 


TMS320C25: 


(PC) +1>PC 
(PFC) > MCS 
(ACC(15-0)) > PFC 


If (repeat counter) # 0: 

Then dma > (pma, addressed by PFC), 
Modify AR(ARP) and ARP as specified, 
(PFC) +1 = PFC, 

(repeat counter) - 1 ~ repeat counter. 


Else dma > (pma, addressed by PFC), 
Modify AR(ARP) and ARP as specified. 
(MCS) — PFC 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 #14 =#0 


0 1 0 1 1 0 0 1 On Data Memory Address 


1 See Section 4.1 


The TBLW instruction transfers a word in data memory to program memory. 
The data memory address is specified by the instruction, and the program 
memory address is specified by the lower 16 bits of the accumulator. A read 
from data memory is followed by a write to program memory to complete 
the instruction. When in the repeat mode, TBLW effectively becomes a 
single-cycle instruction, and the program counter that contains the ACCL 
is incremented once each cycle. 


On the TMS32020, the contents of the lowest stack location are lost when 
using the TBLW instruction. 


If the MP/MC pin on the TMS320C25 is low at the time of execution of this 
instruction and the program memory address used is less than 4096, an 
on-chip ROM location will be addressed but not written to. 
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TBLW Table Write | 


Cycle Timings for a Single Instruction 
PI/DI PI/DE PE/DI PE/DE | PR/DI PR/DE 


‘20 | Table in internal program memory: 
3 3+d 3+p 3+d+p 

Table in external program memory: 
3+p 4+d+p  3+2p 4+d+2p 

’C25 | Table in on-chip RAM: | 
2 3+d 3+p 4+d+p 
Table in on-chip ROM: 
not applicable 


Table in external memory: 
2+p 3+d+p 3+2p 4+d+2p 


‘20 Table in internal program memory: 
2+n 2+n+nd 2+n+p 2+n+nd+p 
Table in external program memory: 
2+n+np 2+2n+nd 2+n+np 2+2n+nd+np 
+Np +p +p 
C25 | Table in on-chip RAM: 
1+n 2+n+nd 2+n+p 3+n+nd+p 2+n 3+n+nd 
Table in on-chip ROM: 


not applicable 


Table in external memory: 


T+ntnp 1+2n+ndt+np 2+ntnp 2+2ntnd+np 2+n+np 2+2nt+nd 
+p +p a +np 
Example TBLW DATS ;(DP = 32) 
or 
TBLW * ;If current auxiliary register contains 4101. 
Before Instruction After Instruction 
ACC 257h ACC 257h 
Data Data 
Memory 4339h Memory 4339h 
4101 4101 
Program Program 
Memory 306h Memory 4339h 
257 257 
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Software Interrupt TRAP 


Syntax 
Operands 
Execution 
Encoding 
Description 
Words 
Cycles 
‘20 
‘C25 
‘20 
'C25 
Example 


[<label>] TRAP 
None 

(PC) + 1 - stack 

30 > PC 

Not affected by INTM; does not affect INTM. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 14 = «0 
1 1 0 0 4 4 4 O09 QO O08 OO 4 FT FT 4 Q 


The TRAP instruction is a software interrupt that transfers program control 
to program memory location 30 and pushes the program counter plus one 
onto the hardware stack. The instruction at location 30 may contain a 
branch instruction to transfer control to the TRAP routine. Putting PC + 1 
onto the stack enables an RET instruction to pop the return PC (points to 
instruction after the TRAP) from the stack. 


1 


Cycle Timings for a Single Instruction 
PI/DI PI/DE __PE/DI PE/DE PR/DI PR/DE 
a ee ee ee ee ee ee 


Destination on-chip RAM: 
2 2 


2+p 2+p 2 2 
Destination on-chip ROM: 
3 3 3+p 3tp 3 3 
Destination external memory: 
. 3+p 3+p 3+2p 3+2p 3+p 3+p 


| Cycle Timings for a Repeat Execution 


not repeatable i ed = 
not repeatable 


TRAP | ;Control is passed to program memory 
;location 30. PC + 1 is pushed onto 
;the stack. 
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XOR : Exclusive-OR with Accumulator 


Syntax : 
Direct: [<label>] XOR <dma> 
Indirect: [<label>] XOR {ind}[,<next ARP>] 


Operands O < dma < 127 
O < next ARP < 7 
Execution (PC) +1-—-7PC 


(ACC(15-0)).XOR.dma > ACC(15-0) 
(ACC(31-16)) + ACC(31-16) 


Not affected by SXM. 
Encoding 15 14 13 12 1110 9 8 7 6 5 4 3 2 1 «0 


Direct: | 0 1 0 oO 1 1 0 0 0. Data Memory Address 
S 1 0. oO 4. 1 “Oo O14 | See Section 4.1 


Description — The low half of the accumulator is exclusive-ORed with the contents of the 
addressed data memory location. The upper half of the accumulator is not 
affected by this instruction. 


Indirect: 


Cycle Timings for a Single Instruction 
Pl/DI PI/DE PE/DI PE/DE PR/DI PR/DE 


Ce = an ees 
cole | ee rap Pe 


Example XOR DAT127 ;(DP = 511) 
or 3 
XOR * ;lf current auxiliary register 
scontains: 65535: 


Before Instruction After Instruction 
Data Data 
Memory OFOFOh Memory OFOFOh 
65535 65535 


C G 
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XOR Immediate with Accumulator with Shift XORK 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


‘20 
‘C25 


‘20 
‘C25 


Example 


[<label>] XORK <constant> [,<shift> ] 


16-bit constant 
QO < shift < 15 (defaults to 0) 


(PC) +2-—-PC | 
(ACC(30-0)).XOR. [constant x 28hift } + ACC(30-0) 
(ACC(31)) + ACC(31) 


Not affected by SXM. 


15 14 73 12 11 10 9 8 7 6 5 4 3 2 1 =O 


The left-shifted 16-bit immediate constant is exclusive-ORed with the ac- 
cumulator, leaving the result in the accumulator. Low-order bits below and 
high-order bits above the shifted value are treated as zeroes, thus not af- 
fecting the corresponding bits of the accumulator. Note that the MSB, 
most-significant bit, of the accumulator is not affected, regardless of the 
shift code value. 


2 


Cycle Timings for a Single Instruction 


| PI/DI = PI/DE PE/DI PE/DE PR/DI PR/DE 
2 {2 | 229. | 24 J - | - 


Cycle Timings for a Repeat Execution 


| not repeatable eee 


not repeatable 


XORK OFFFFh,8 


Before Instruction After Instruction 


Cc C ! 
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ZAC 


Syntax 
Operands 


Execution 


Encoding 


Description 


Words 


Cycles 


Example 
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‘20 
‘C25 


‘20 
‘C25 


Zero Accumulator 


[<label>] ZAC 
None 


(PC) +1 PC 
0 > ACC 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =O 
1 14 0 0O 1 0 14 0 0 0 0 0 0 0 0 0 


The contents of the accumulator are replaced with zero. The ZAC instruc- 
tion has been implemented as a special case of LACK. (ZAC assembles as 
LACK 0.) | 


1 


1 [1 | wp {tp | - | - 
Ss 


not repeatable fF 


not repeatable 


ZAC 


Before Instruction After Instruction 


C C 


Zero Low Accumulator 


ZALH and Load High Accumulator ZALH 
Syntax 


Direct: [<label>] ZALH <dma> 
Indirect: [<label>] ZALH {ind}[,<next ARP>] 


Operands 0 < dma < 127 
O < next ARP < 7 
Execution (PC) +1 PC 


0 + ACC(15-0) 
(dma) ~ ACC(31-16) 


Encoding 15 14 10 9 


Direct: a ORO E Data Memory Address 
Indirect:| 0 1 0 0 0 0 0 0 See Section 4.1 


Description ZALH loads a data memory value into the high-order half of the accumula- 
tor. The low-order bits of the accumulator are zeroed. 


ZALH is useful for 32-bit arithmetic operations. 


Cycle Timings for a Single Instruction 
PI/DI PI/DE  PE/DI PE/DE PR/DI PR/DE 
1 | 2+d 


25 [_n | tenend [np | tenendep| 0 | tenend | 


Example ZALH DAT3 ;(DP = 32) 
or 
ZALH * ;If current auxiliary register 


;contains 4099. 


Before Instruction. After Instruction 


Date Data 
ples | = SFOTh | | = SFOTh | Memory | 3FOth_ | SFOTh | h 
ACC 77 FFEFFh ACC 3F010000h | 
C C 


4-187 


Zero Low Accumulator, Load High 
ZALR Accumulator with Rounding (TMS320C25 ZALR 


Syntax 
Direct: [<label>] ZALR <dma> 
Indirect: [<label>] ZALR {ind}[,<next ARP>] 


Operands 0 < dma < 127 © 
O < next ARP < 7 


Execution (PC) +17 PC 
8000h ~ ACC(15-0) 
(dma) ~ ACC(31-16) 


Encoding 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 =0 


Direct:|} 0 1 #4 #1 #1 «0 1 140] Data Memory Address 
Indirect: | 4 See Section 4.1 


Description The ZALR instruction loads a data memory value into the high-order half 
of the accumulator with rounding the value by adding 1/2 LSB; 1.e., the 15 
low bits (bits 0-14) of the accumulator are set to zero and bit 15 of the 
accumulator is set to one. 


ZALR is a derivative instruction from ZALH. 


Words 1 


Cycles 


Cycle Timings for a Single Instruction 
PI/DI PI/DE PE/DI PE/DE PR/DI PR/DE 


C28 [2+a_ | i+p | 2+dep | 1 | 2d 
Cycle Timings for a Repeat Execution 
25 [nT tentnd Tnep  [tentndte[ nT tener | 
Example ZALR DAT3 ;(DP = 32) 
or 
ZALR * ;1f current auxiliary register 


scontains 4099. 


Before Instruction -After Instruction 


Data 7 Data 
ey | BFOTh | h eel | SFOTh | | SFOTh | 
ACC J7FFFFh acc [x|[ 3F018000h 
- = 
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Zero Accumulator, Load Low Accumulator 


ZALS with Sign-Extension Suppressed ZALS 
Syntax 
Direct: [<label>] ZALS <dma> 
Indirect: [<label>] ZALS {ind}[,<next ARP>] 

Operands O < dma < 127 

O < next ARP < 7 
Execution (PC) +1>2PC | 

0 > ACC(31-16) 

(dma) ~ ACC(15-0) 

Not affected by SXM. 
Encoding 


15 14 13 12 1110 9 8 7 6 5 4 3 2 1 40 
1 


Direct: | O 1 0 0 0O 9O 90 Data Memory Address 
Indirect:||0 1 0 0 0 0 0 1]1 | See Section 4.1 


Description 


Words 


Cycles 


Example 


‘20 
‘C25 


‘20 
‘C25 


The contents of the addressed data memory location are loaded into the 16 
low-order bits of the accumulator. The upper half of the accumulator is 
zeroed. The data is treated as a 16-bit unsigned number rather than a 
two’s-complement number. Therefore, there is no sign-extension with this 
instruction, regardless of the state of SXM. (ZALS behaves the same as a 
LAC instruction with no shift and SXM = 0.) 


ZALS is useful for 32-bit arithmetic operations. 


1 


41 | df tp | ap | - | - 
= = 
[a antna née | anendtp | - id 
Tn tenend | np [tenendep | n | tenend 


ZALS DAT1 ;(DP = 6) 


or 
ZALS * ;If current auxiliary register contains 769. 


Before Instruction After Instruction 


Data Data 
Memory OF7FFh Memory OF7FFh 
769 769 
ACC 7FFO0033h ACC OF7FFh 
C C 
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Assembly Language Instructions | 
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Section 5— 


Software Applications 


The TMS320C2x microprocessor/microcomputer design emphasizes overall 
speed, communication, and flexibility. Many instructions are tailored to digital 
signal processing tasks, providing single-cycle multiply/accumulates, adaptive 
filtering support, and many other features. General-purpose instructions sup- 
port floating-point, extended-precision, logical processing, and control appli- 
cations. 


This section provides explanations of how to use the various TMS320C2x 
processor and instruction set features along with assembly language coding 
examples. More information about specific applications can be found in the 
book, Digital Signal Processing Applications with the TMS320 Family (litera- 
ture number SPRAO1 2A). | 


Major topics discussed in this section are listed below. 
@ Processor Initialization (Section 5.1 on page 5-3) 


@ Program Control (Section 5.2 on page 5-8) 
Subroutines 
Software stack 
Timer operation 
Single-instruction loops 
Computed GOTOs 


e Interrupt Service Routines (Section 5.3 on page 5-17) 
Context switching 
Interrupt priority 


®@ Memory Management (Section 5.4 on page 5-24) 
Block moves 
Configuring on-chip RAM 
Using on-chip RAM for program execution 


@ Fundamental Logical and Arithmetic Operations (Section 5.5 
on page 5-32) : 
Status register effects 
Bit manipulation 


Software Applications 


e Advanced Arithmetic Operations (Section 5.6 on page 5-35) 
Overflow management 
Scaling 
Moving data 
Multiplication 
Division 
Floating-point arithmetic 
Indexed addressing 
Extended-precision arithmetic 


@ Application-Oriented Operations (Section 5.7 on page 5-61) 
Companding 
Filtering | 
Fast Fourier Transforms (FFT) 
PID control. 


Note: 


Throughout this document, ”“TMS320C25” refers to the TMS320C25, 


TMS320C25-50, and TMS320E25 unless stated otherwise. Where ap- 
plicable, "ROM” includes the on-chip EPROM of the TMS320E25. 
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Software Applications - Processor Initialization 


5.1 Processor Initialization 


Prior to the execution of a digital signal processing algorithm, it is necessary 
to initialize the processor. Generally, initialization takes place anytime the 
processor is reset. 


When reset is activated by applying a low level to the RS (reset) input for at 
least three cycles, the TMS320C2x terminates execution and forces the pro- 
gram counter (PC) to zero. Program memory location 0 normally contains a 
B (branch) instruction in order to direct program execution to the system in- 
itialization routine. The hardware reset also initializes various registers and 
‘Status bits. 


After reset, the processor should be initialized to meet the requirements of the 
system. Instructions should be executed that set up operational modes, 
memory pointers, interrupts, and the remaining functions necessary to meet 
system requirements. 


To configure the processor after reset, the following internal functions should 
be initialized: 


®@ Memory-mapped registers 


@ Interrupt structure 
@® Mode contro! (OVM, SXM, FO, TXM, PM: plus HM and FSM on 
TMS320C25) | 


@ Memory contro! (CNF) 
@ Auxiliary registers and the auxiliary register pointer (ARP) 
@ Data memory page pointer (DP) 


The OVM (overflow mode), TC (test/control flag), and IMR (interrupt mask 
register) bits are not initialized by reset. The auxiliary register pointer (ARP), 
auxiliary register pointer buffer (ARB), and data memory page pointer (DP) 
are also not initialized by reset. 


Example 5-1 and Example 5-2 show coding for initializing the TMS32020 and 
TMS320C25, respectively, to the following machine state, in addition to the 
initialization performed during the hardware reset: 


All interrupts enabled 

Overflow mode (OVM) disabled 

Data memory page pointer (DP) set to zero 

Auxiliary register pointer (ARP) set to four (TMS32020) or seven 
(TMS320C25) 

Internal memory filled with zero 
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Software Applications - Processor Initialization 


Example 5-1. Processor Initialization (TMS32020) 


-title ‘PROCESSOR INITIALIZATION' 
.def RESET, INTO, INT1,INT2 

.def TINT,RINT,XINT,USER 

ref ISRO, ISR1,1ISR2 

.ref TIME ,RCV,XMT,PROC 


* 
* PROCESSOR INITIALIZATION FOR THE TMS32020. 
* RESET AND INTERRUPT VECTOR SPECIFICATION.) 
* BRANCHES FOR EXTERNAL AND INTERNAL INTERRUPTS. 
k 
»sect "vectors" | 
RESET B INIT > RS- BEGINS PROCESSING HERE. 
INTO B ISRO  ; INTO- BEGINS PROCESSING HERE. 
INTL B ISR1 ; INT1- BEGINS PROCESSING HERE. 
INT2 B ISR2 ; INT2- BEGINS PROCESSING HERE. 
* : ‘ 
-space (18h-(S-RESET) )*16 
TINT B TIME > TIMER INTERRUPT PROCESSING. 
RINT B RCV >; SERIAL PORT RECEIVE PROCESSING. 
XINT B XMT > SERIAL PORT TRANSMIT PROCESSING. 
: 
USER B PROC ; TRAP VECTOR PROCESSING BEGINS. 
* 


THE BRANCH INSTRUCTION AT PROGRAM MEMORY LOCATION O DIRECTS 
EXECUTION TO BEGIN HERE FOR RESET PROCESSING THAT. INITIAL- 
IZES THE PROCESSOR. WHEN RESET IS APPLIED, THE FOLLOWING. 
CONDITIONS ARE ESTABLISHED FOR THE STATUS AND OTHER 
INTERNAL REGISTERS: 


ARP OV OVM 1 INTM ‘DP 
STO: XXX 0 Xx 1 iL XXXXXXXXX 
ARB CNF TC SXM 11111 XF FO TXM PM 
STl: XXX 0 X X dD a 1 0 0 XX 
REGISTER ADDRESS DATA 
DRR . OO000Oh XXXX XXXX XXXX XXXX 
DXR OOOlh XXXX XXXX XXXX XXXX 
TIM 0002h Pe ie Ae a 
PRD 0003h XXXX XXXX XXXX XXXX 
IMR 0004h 1111 1111 11XX XXXxX 
GREG oo005h 1111 1111 0000 OO000 


RESERVED XINT RINT TINT LNTZ INT1 INTO 
IMR: Sp fs ted es se X Xx X Xx X Xx 


e+e + HF He HH He HF HHH HF HF HF HK HF FF HK HF HF SF 
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Software Applications - Processor Initialization 


etext 

INIT ROVM >; DISABLE OVERFLOW MODE. 
LDPK O > POINT DP REGISTER TO DATA PAGE O. 
LARP 4 >; POINT TO AUXILIARY REGISTER 4. 
LACK 3Fh ; LOAD ACCUMULATOR WITH 3Fh. 
SACL 4 ; ENABLE ALL INTERRUPTS VIA IMR. 
LALK OFFFFh ; LOAD ACCUMULATOR WITH OFFFFh. 
SACL 3 > INITIALIZE PERIOD REGISTER. 
SSXM >; SET SIGN-EXTENSION MODE TO 1. 
SPM 0 ; SET PM BITS TO O. 


* 


INTERNAL DATA MEMORY INITIALIZATION. 


ZAC ; ZERO THE ACCUMULATOR. 

LARK AR4,60h ; POINT TO BLOCK B2. 

RPTK 31 

SACL *+ ; STORE ZERO IN ALL 32 LOCATIONS. 
* 

LRLK AR4,200h ; POINT TO BLOCK BO. 

RPTK 255 

SACL *+ ; ZERO ALL OF PAGES 4 AND 5. 
* 

LRLK AR4,300h ; POINT TO BLOCK Bl. 

RPTK 255 

SACL *+ ; ZERO ALL OF PAGES 6 AND 7. 


THE PROCESSOR IS INITIALIZED. THE REMAINING APPLICATION- 
DEPENDENT PART OF THE SYSTEM (BOTH ON- AND OFF-CHIP) SHOULD 
NOW BE INITIALIZED. 


+ %e + H 


EINT ; ENABLE ALL INTERRUPTS. 
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Software Applications - Processor Initialization 


Example 5-2. Processor Initialization (TMS320C25) 
.title 'PROCESSOR INITIALIZATION' 
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; INTO- BEGINS PROCESSING HERE. 


BEGINS PROCESSING HERE. 


INT2- BEGINS PROCESSING HERE. 


; TIMER INTERRUPT PROCESSING. | 
; SERIAL PORT RECEIVE PROCESSING. 
; SERIAL PORT TRANSMIT PROCESSING. 


; TRAP VECTOR PROCESSING BEGINS. 


DP 
XXXXXXX 


HM FSM XF FO TXM PM 
Kd a i 0 0 00 


XXXX 
XXXX | 
oi pl 
11iil 
XXXX 
0000 


NT INT2 INTL INTO 
X X X X 


def RESET, INTO, INT1,INT2 
.def TINT,RINT,XINT,USER 
ref ISRO,ISR1,1ISR2 
ref TIME,RCV,XMT,PROC 
e 
* PROCESSOR INITIALIZATION FOR THE TMS320C25. 
* RESET AND INTERRUPT VECTOR SPECIFICATION. 
* BRANCHES FOR EXTERNAL AND INTERNAL INTERRUPTS. 
* 
-sect "vectors" 
RESET B INIT ; RS- BEGINS PROCESSING HERE. 
* 2 
INTO B ISRO 
INT1 B ISR1 INTI1- 
INT2 B ISR2 
* 
-space (18h-(S-RESET) ) *16 
TINT B TIME 
RINT B RCV 
XINT B XMT 
* 
USER B PROC 
* 
* THE BRANCH INSTRUCTION AT PROGRAM MEMORY LOCATION O DIRECTS 
* EXECUTION TO BEGIN HERE FOR RESET PROCESSING THAT INITIAL- 
* IZES THE PROCESSOR. WHEN RESET IS APPLIED, THE FOLLOWING 
* CONDITIONS ARE ESTABLISHED FOR THE STATUS AND OTHER 
* INTERNAL REGISTERS: 
* 
* ARP OV  OVM 1 INTM 
* STO: XXX 0 oe 1 XX 
* 
* ARB CNF TC SXM C 11. 
* ST1: XXX 0 x 2 FG A 
* 
* REGISTER ADDRESS DATA 
* -DRR 0000h XXXX XXXX XXXX 
* DXR Oooolh XXXX XXXX XXXX 
* TIM 0002h Pi. AY, ie 
* PRD O003h Ped a La 
* IMR 0004h Ope oe Os Sims ee ee 6 
* GREG O005h 1111 1111 0000 
* 
* RESERVED XINT RINT pial 
* IMR: y a ie See eo xX X 
* 
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-text 
INIT ROVM 

LDPK 0 

LARP 7 

LACK 3Fh 

SACL 4 


=e “eo we we Ne 


* INTERNAL DATA MEMORY 


* 


ZAC 
LARK AR7,60h 
RPTK 31 
SACL e+ 
* 
LRLK AR7,200h 
RPTK 255 
SACL *+ 
* 
LRLK AR7,300h 
RPTK 255 
SACL *+4 


+ + + HF 


NOW BE INITIALIZED. 


EINT 


s 
a, 


e 
a 


; 


e 
f 


e 
‘ 


Initialization 


DISABLE OVERFLOW MODE. 

POINT DP REGISTER TO DATA PAGE O. 
POINT TO AUXILIARY REGISTER 7. 
LOAD ACCUMULATOR WITH 3Fh. 

ENABLE ALL INTERRUPTS VIA IMR. 
INITIALIZATION. 


ZERO THE ACCUMULATOR. 
POINT TO BLOCK B2. 


STORE ZERO IN ALL 32 LOCATIONS. 
POINT TO BLOCK BO. 

ZERO ALL OF PAGES 4 AND 5. 
POINT TO BLOCK Bl. 


ZERO ALL OF PAGES 6 AMD 7. 


THE PROCESSOR IS INITIALIZED. THE REMAINING APPLICATION- 
DEPENDENT PART OF THE SYSTEM (BOTH ON- AND OFF-CHIP) SHOULD 


ENABLE ALL INTERRUPTS. 


16) 
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5.2 Program Control 


To facilitate the use of the TMS320C2x in general-purpose high-speed proc- 
essing, a variety of instructions are provided for software stack expansion, - 
subroutine calls, timer operation, single-instruction loops, and external branch 
control. Descriptions and examples of how to use these features of the 
TMS320C2x are given in this section. 


5.2.1 Subroutines 


5-8 


The TMS320C2x has a 16-bit Program Counter (PC) and a four-level 
(TMS32020) or eight-level (TMS320C25) hardware stack for PC storage. 
The CALL and CALA subroutine calls store the current contents of the pro- 
gram counter on the top of the stack. The RET (return from subroutine) in- 
struction then pops the top of the stack to the program counter. 


Example 5-3 illustrates the use of a subroutine to determine the square root 
of a 16-bit number. Processing proceeds in the main routine to the point 
where the square root of a number should be taken. At this point a CALL is 
made to the subroutine, transferring control to that section of the program 
memory for execution and then returning to the calling routine via the RET 
instruction when execution has completed. 


Software Applications - Program Control 


Example 5-3. Subroutines 


AUTOCORRELATION 


* 

* 

* THIS ROUTINE PERFORMS A CORRELATION OF TWO VECTORS AND THEN 
* CALLS A SQUARE ROOT SUBROUTINE THAT WILL DETERMINE THE RMS 
* AMPLITUDE OF THE WAVEFORM. 

* 

AUTOC 


LAC ENERGY 
CALL SQRT 
SACL ENERGY 


SQUARE ROOT 


THIS SUBROUTINE DETERMINES THE SQUARE ROOT OF A NUMBER X 
THAT IS LOCATED IN THE LOW HALF OF THE ACCUMULATOR WHEN 
THE ROUTINE IS CALLED. THE FRACTIONAL SQUARE ROOT OF X IS 
TAKEN, WHERE O < X < 1 AND WHERE 1 IS REPRESENTED BY 
7FFFh. THE RESULT IS RETURNED TO THE CALLING ROUTINE IN 
THE ACCUMULATOR. 


+e H+ + He eH HF 


+ 


SAVED STATUS REGISTER STO ADDRESS 
SAVED STATUS REGISTER ST1 ADDRESS 
NUMBER X WHOSE SQUARE ROOT IS TAKEN 
INTERMEDIATE ROOTS 

SQUARE ROOT OF X 


STO -set 60h 
ST1 -set 61h 
NUMBER .set 62h 
TEMPR .set 63h 
GUESS .set 64h 


=e “we “SP SOP NO 


-text 
SORT SST STO SAVE STATUS REGISTER STO. 
SST STL SAVE STATUS REGISTER STI1. 
LDPK 0O LOAD DATA PAGE POINTER = OQ. 
SSXM SET SIGN-~EXTENSION MODE. 
SPM 1 LEFT-SHIFT PR OUTPUT TO ACCUMULATOR. 
SACL NUMBER SAVE X. 
LARP ARI INITIALIZE VARIABLES FOR SQUARE ROOT. 
LARK AR1,11 12 ITERATIONS 
LALK 800h ASSUME X IS LESS THAN 200h. 


SET INITIAL GUESS TO 800h. 
SET FIRST INTERMEDIATE ROOT TO 800Oh. 


SACL GUESS 
SACL TEMPR 


SACH ROOT SET SQUARE ROOT VALUE TO O. 
LAC NUMBER LOAD X INTO THE ACCUMULATOR. 
SBLK 200h TEST IF X IS LESS THAN 200h. 


IF YES, TAKE THE ROOT; 

IF NO, THEN REINITIALIZE. 

SET INITIAL GUESS TO 4000h. 

SET FIRST INTERMEDIATE ROOT TO 4000h. 
15 ITERATIONS 


BLZ SQRTLP 
LAC GUESS,3 
SACL GUESS 
SACL TEMPR 
LARK AR1,14 


a i Tt iE i Sn TT 


* 


* SQUARE ROOT LOOP 
* 


SORTLP SQRA TEMPR 


~_e 


SQUARE TEMPORARY (INTERMEDIATE) ROOT. 


ZALH NUMBER ; CHECK IF RESULT IS LESS THAN X. 
SPAC 

BL4Z NEXTLP ; IF IT'S NOT, SKIP ROOT UPDATE. 
ZALH TEMPR ; IF IT IS, SET ROOT EQUAL TEMPR. 
SACH ROOT 
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NEXTLP LAC GUESS,15 ; SCALE DOWN GUESS BY 2 TO CONVERGE. 


SACH GUESS 
ADDH ROOT ; ADD CURRENT ROOT ESTIMATE. 

SACH TEMPR UPDATE TEMPORARY ROOT VALUE. 

BANZ SQRTLP REPEAT SPECIFIED NO. OF ITERATIONS. 


, 

LAC ‘ROOT ; LOAD THE ROOT OF X. 
; 
, 


LST1 ST1 RESTORE STATUS REGISTER STI. 
LST STO RESTORE STATUS REGISTER STO. 
RET 


Hardware stack allocation involves its use in interrupts, subroutine calls, 
pipelined instructions, and the emulator (XDS). The TMS320C2x disables 
all interrupts when taking an interrupt trap. If interrupts are enabled more 
than one instruction before the return of the interrupt service routine, the 
routine can also be interrupted, thus using another level of the hardware 
stack. This condition should be considered when managing the use of the 
stack. When nesting subroutine calls, each call uses a level of the stack. The 
number of levels used by the interrupt must be remembered as well as the 
depth of the nesting of subroutines. One level of the stack is reserved for 
the emulator (XDS) to be used for breakpoint/single-step operations. If the 
XDS is not used, this extra level is available for internal use. Given these 
constraints, the following listings describe possible allocations of the Enete: 
ware stack levels: 


TMS32020: 


1 level reserved for emulator (XDS) stack 

- 1 level reserved for TRAP (software interrupt) instruction 
1 level reserved for interrupt service routines (ISR) 
1 level available for subroutine calls. 


TMS320C25: 


- 1 level reserved for emulator (XDS) stack 

- 1 level reserved for TRAP (software interrupt) instruction 
- 1 level reserved for interrupt service routines (ISR) 

- 5 levels available for subroutine calls. 


or: 


- 1 level reserved for emulator (XDS) stack 

- 1 level reserved for TRAP (software interrupt) instruction 
- 2 levels reserved for interrupt service routines (ISR) 

- 4 levels available for subroutine calls. 


When two levels are allocated for ISRs on the TMS320C25, the individual 
ISRs can utilize one level of subroutine calls or one level of interrupt nest- 


ing. 
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5.2.2 Softwa 


re Stack 


Provisions have been made on the TMS320C2x for extending the hardware 
stack into data memory. This is useful for deep subroutine nesting or stack 
overflow protection. - 


The hardware stack is accessible via the accumulator using the PUSH and 
POP instructions. Two additional instructions, PSHD and POPD, are in- 
cluded in the instruction set so that the stack may be directly stored to and 
recovered from data memory. 


A software stack can be implemented by using the POPD instruction at the 
beginning of each subroutine in order to save the PC in data memory. Then 
before returning, a PSHD is used to put the proper value back onto the top 
of the stack. 


When the stack has three (TMS32020) or seven (TMS320C25) values 
stored on it and two or more values are to be put on the stack before any 
other values are popped off, a subroutine that expands the stack is needed, 
such as shown in Example 5-4. In this example, the main program stores 
the stack starting location in memory in AR2 and indicates to the subroutine 
whether to push data from memory onto the stack or pop data from the 
stack to memory. If a zero is loaded into the accumulator before calling the 
subroutine, the subroutine pushes data from memory to the stack. If a one 
is loaded into the accumulator, the subroutine pops data from the stack to 
memory. 


Since the CALL instruction uses the stack to save the program counter, the 
subroutine pops this value into the accumulator and utilizes the BACC 
(branch to address specified by accumulator) instruction to return to the 
main program. This prevents the program counter from being stored into a 
memory location. The subroutine in Example 5-4 uses the BANZ (branch 
on auxiliary register not zero) instruction to control all of its loops. 


Example 5-4. Software Stack Expansion 


* 
* 
* 
* 


ST 


PO 


THIS ROUTINE EXPANDS THE STACK WHILE LETTING THE MAIN 
PROGRAM DETERMINE WHERE TO STORE THE STACK CONTENTS OR FROM 
WHERE TO RECOVER THEM. 
ACK LARP 2 ; USE AR2. 

BNZ PO ; IF POPD IS NEEDED, GOTO PO. 

POP ; ELSE, SAVE PROGRAM COUNTER. 

RPTK 6 ; LOAD REPEAT COUNTER. 

PSHD *+ ; PUT MEMORY IN STACK. 

BACC ; RETURN TO MAIN PROGRAM. 

POP ; SAVE PROGRAM COUNTER. 

MAR *- ; ALIGN STACK POINTER. 

RPTK 6 ; LOAD REPEAT COUNTER. 

POPD: -*= ; PUT STACK IN MEMORY. 

MAR *¥+ ; REALIGN STACK POINTER. 


BACC RETURN TO MAIN PROGRAM. 
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5.2.3 Timer Operation 


The TMS320C2x provides a 16-bit on-chip timer and its associated inter- 
rupt to perform various functions at regular time intervals. The timer is a 
down counter that is continuously clocked by CLKOUT1 on the 
TMS320C25, and counts (PRD + 1) cycles of CLKOUT1. The timer is 
clocked by CLKOUT1/4 on the TMS32020, and counts (4 x PRD) cycles 
of CLKOUT1. By programming the period (PRD) register from 1 to 65,535 
(OFFFFh), a timer interrupt (TINT) can be generated every 2 to 65,536 cy- 
cles on the TMS320C25. Note that a TINT can be generated every 4 to 
262,140 cycles on the TMS32020. (A period register value of zero is not 
allowed. ) 


Two memory- mapped registers are used to operate the timer. The timer 
(TIM) register, data memory location 2, holds the current count of the timer. 
At every CLKOUT‘1 cycle, the TIM register is decremented by one. The PRD 
register, data memory location 3, holds the starting count for the timer. 
When the TIM register decrements to zero, a timer interrupt (TINT) is gen- 
erated. In the following cycle, the contents of the PRD register are loaded 
into the TIM register. In this way, a TINT ts generated every (PRD + 1) 
cycles of CLKOUT1 on the TMS320C25 or (4 x PRD) cycles of a 
on the TMS32020. 


The timer and period registers can be read from or written to on any cycle. 
The count can be monitored by reading the TIM register. A new counter 
period can be written to the PRD register without disturbing the current 
timer count. The timer will then start the new period after the current count 
is complete. If both the PRD and TIM registers are loaded with a new pe- 


- riod, the timer begins decrementing the new period without generating an 


interrupt. Thus, the programmer has complete control of the current and 
next periods of the timer. 


The TIM register is set to the maximum value on reset (OFFFFh) for both 
the TMS32020 and TMS320C25. The PRD register is also initialized by 
reset on the TMS320C25 to OFFFFh. The TMS32020 requires a software 
initialization of the PRD register (see Example 5-1). The TIM register be- 
gins decrementing only after RS is de-asserted. If the timer is not used, 


- TINT should be masked. The PRD register can then be used as a general- 


purpose data memory location. If TINT is used, the PRD and TIM registers 
should be programmed before unmasking the TINT. 
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Example 5-5 and Example 5-6 show the assembly code that implements the 
use of the timer to divide down the CLKOUT1 signal. To generate a 9600-Hz 
clock signal, the PRD register should be loaded with 520. In the timer inter- 
rupt service routine, the XF line is toggled. The XF output is also used as an 
input for BIO in this example. The output of XF will provide a 50-percent duty 
cycle clock signal as long as the main routine or other interrupt routines do 
not disable interrupts. Interrupts may be disabled by direct or implied use of 
DINT, or by executing instructions in the repeat mode. The value for the PRD 
register is calculated as follows: 


TMS32020: 


CLKOUT1/(4 x PRD) = 2 x frequency of signal 
5 MHz/(4 x 65) = 2 x 9600 Hz (= 9615 Hz for divided signal) 


TMS320C25: 


CLKOUT1/(PRD + 1) = 2 x frequency of signal 
10 MHz/(520 + 1) = 2 x 9600 Hz (= 9597 Hz for divided signal) 


| Example 5-5. Clock Divider Using Timer (TMS$32020) 
* SETUP FOR INTERRUPT SERVICE ROUTINE. 
* : 


LACK 65 

SACL DMA3 ; LOAD THE PERIOD REGISTER. 
LACK 8 

OR .DMA4 

SACL DMA4 ; ENABLE THE TIMER INTERRUPT. 


EINT ; ENABLE INTERRUPTS, 


* I/O SERVICE ROUTINE. 
‘ | 


TIME BIOZ SET1 ; CHECK THE CURRENT XF STATE. 
RXF XF WAS HIGH; SET IT LOW. 


EINT ; ENABLE INTERRUPTS. 

RET ; RETURN TO INTERRUPTED CODE. 
SETI SXF ; XF WAS LOW; SET IT HIGH. 

EINT ; ENABLE INTERRUPTS. 

RET ; RETURN TO INTERRUPTED CODE. 
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Example 5-6. Clock Divider Using Timer (TMS320C25) 


* SETUP FOR INTERRUPT SERVICE ROUTINE. 


LALK 520 | 

SACL DMA3 ; LOAD THE PERIOD REGISTER. 
LACK 8 

OR DMA4 

SACL DMA4 ; ENABLE THE TIMER INTERRUPT. 


EINT ; ENABLE INTERRUPTS. 


* I/O SERVICE ROUTINE. 


* 


TIME BIOZ SET1 CHECK THE CURRENT XF STATE. 


RXF ; XF WAS HIGH; SET IT LOW. 

EINT ; ENABLE INTERRUPTS. 

RET ; RETURN TO INTERRUPTED CODE. 
SETIL. SXF ; XF WAS LOW; SET IT HIGH. 

EINT ; ENABLE INTERRUPTS. 

RET ; RETURN TO INTERRUPTED CODE. 


5.2.4 Single-Instruction Loops 


When programming time-critical high-computational tasks, it is often neces- 
sary to repeat the same operation many times. For these cases, repeat in- 
structions that allow the execution of the next single instruction N+1 times 
are provided. N is defined by an eight-bit repeat counter (RPTC), which is 
loaded by the RPT or RPTK instructions. The instruction immediately follow- 
ing is then executed, and the RPTC is decremented until it reaches zero. 


When using the repeat feature, the instruction being repeated is fetched only 
once. As a result, many muiticycle instructions become single-cycle when re- 
peated. This is especially useful for |/O instructions, such as TBLR/TBLW, 
IN/OUT, or BLKD/BLKP. 


Since the instruction is fetched and internally latched, the program bus can 
be used to fetch or write a second operand in parallel to operations using the 
data bus. With the instruction latched for repeated execution, the program 
counter can be loaded with a data address and incremented on succeeding 
executions to fetch data in successive memory locations. As an example, the 
MAC instruction fetches the multiplicand from program memory via the pro- 
gram bus. Simultaneous with the program bus fetch, the second multiplicand 
is fetched from data memory via the data bus. In addition to these data fetches, 
preparation is made for accesses in the following cycles by incrementing the 
program counter and by indexing the auxiliary register. TBLR is another ex- 
ample of an instruction that benefits from. simultaneous transfers of data on 
both the program and data buses. In this case, data values from a table in 
program memory may be read and transferred to data memory. When re- 
peated, the program overhead of reading the instruction from program memory 
must be executed only once, thus allowing the rest of the executions to op- 
erate in a single cycle. 
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Programs, such as those implementing digital filters, require loops that execute 
in a minimum amount of time. Example 5-7 shows the use of the RPT or 
RPTK instructions. 


Example 5-7. Instruction Repeating 


THIS ROUTINE ASSUMES THAT THE X VALUES ARE LOCATED IN 
ON-CHIP RAM BLOCK BO, AND THE Y VALUES IN BLOCK Bl. WHEN 
REPLACING RPT NUM WITH RPTK 9, THE PROGRAM WILL EXECUTE 
THE SAME WAY. 


* THIS ROUTINE USES THE RPT INSTRUCTION TO SET UP THE LOOP 
* COUNTER IN ONE CYCLE. THE FOLLOWING EQUATION IS IMPLEMENTED 
* IN THIS ROUTINE: 

* 

10 

BR a ae ta a 

: hy MAT oe NAT 

. / 

Ko 

* I= 1 

* 

* 

* 

* 

* 

* 


SERIES LARP AR4 


CNFP ; CONFIG BLOCK BO AS PROGRAM MEMORY. 
LACK 9 ; SET COUNTER. TO: 9. 

SACL NUM ; (NUM) = 9. 

LRLK AR4,300h ; POINT AT BEGINNING OF DATA. 

MPYK Oh ; CLEAR P REGISTER. 

ZAC ; CLEAR ACCUMULATOR. 

RPT NUM ; EXECUTE NEXT INSTRUCTION 10 TIMES. 
MAC OFFOOh,*+; MULTIPLY-ACCUMULATE; INCREMENT AR4. 
APAC | 

RET ; RETURN TO MAIN PROGRAM. 


5.2.5 Computed GOTOs 


Processing may be executed in a time- and process-dependent or selected 
way. Following a specific time or data processing path may then result in se- 
lecting one of several processing options. 


A simple computed GOTO can be programmed in the TMS320C2x by using 

the CALA instruction. This instruction uses the contents of the accumulator 
as the direct address of the ca!l. Thus, the call address can be computed in the 
ALU, as shown in Example 5-8. 
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Example 5-8 


. Computed GOTO 


e+ e+e ee eee H+ He HF HF HF 


= 
= 
4 
| 


OVRSAM 


* 
TSKSEQ 


IDLE 
LAC 
SUB 
BGEZ 
LACK 
SACL 
ADLK 
TBLR 
LAC 
CALA 
B 


.word 
.word 
.word 
.word 
.word 
.word 
.word 
.word 
-word 
-word 
word 
.word 
-word 
word 
.wored 
word 


TASK CONTROLLER 


~e we ws we Ns MEH Ws We Ns NE 


se Ne Se ME Ne Ne Ne Se Ne Ne Ne Ne Ne Ne Ne we 


THIS MAIN TASK ROUTINE CONTROLS THE ORDER OF EXECUTION 

AND SCHEDULING OF TASKS. WHEN AN INTERRUPT OCCURS, THE 
INTERRUPT SERVICE ROUTINE IS EXECUTED TO PROCESS THE INPUT 
AND OUTPUT DATA SAMPLES. AFTER THE INTERRUPT SERVICE 
ROUTINE HAS COMPLETED, THE PROCESSOR BEGINS EXECUTION WITH 
THE INSTRUCTION FOLLOWING THE IDLE INSTRUCTION. THIS 
ROUTINE SELECTS THE TASK APPROPRIATE FOR THE CURRENT 
SAMPLE CYCLE, CALLS THE TASK AS A SUBROUTINE, AND BRANCHES 
BACK TO THE IDLE TO WAIT FOR THE NEXT SAMPLE INTERRUPT 
WHEN THE SCHEDULED TASK HAS COMPLETED EXECUTION. 


WAIT FOR SAMPLE INTERRUPT. 

FETCH SAMPLE COUNT VALUE. 
DECREMENT THE SAMPLE COUNT. 

TEST FOR END OF BAUD INTERVAL. 
INIT COUNT FOR NEW BAUD INTERVAL. 
SAVE NEW COUNT VALUE. | 
ADD TASK TABLE BASE ADDRESS. 

READ SUBROUTINE TASK ADDRESS. 
LOAD ACCUMULATOR FOR TASK CALL. 
EXECUTE APPROPRIATE TASK. 


UNUSED CYCLE 

UNUSED CYCLE 

UNUSED CYCLE 

UNUSED CYCLE 

COMPUTE ENERGY E(11) 

UNUSED CYCLE 

- COMMUNICATE WITH U-CONTROLLER 
- DECODE/GET SCRAMBLED DIBIT 

- DEMODULATE IN MIDDLE OF BAUD 
- UNUSED CYCLE 

UPDATE AGC EVERY 3RD BAUD: 

- UNUSED CYCLE 

- COMPUTE ENERGY E(3) 

- UNUSED CYCLE 

- UNUSED CYCLE 

- UNUSED CYCLE 


OrRNW ABM OY~1 OO 
! 
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5.3 Interrupt Service Routine 


Interrupts on the TMS320C2x are prioritized and vectored. When an inter- 
rupt occurs, the corresponding flag is set in the Interrupt Flag Register 
(IFR). If the corresponding bit in the Interrupt Mask Register (IMR) is set 
and interrupts are enabled (INTM=0), then interrupt processing begins. 


When the interrupt vector is loaded into the program counter, interrupts are 
disabled (INTM=1) and a branch is made to the appropriate routine via the 
branch instruction stored at the associated vector location. Since all inter- 
rupts are disabled, interrupt processing may proceed without further inter- 
ruption unless the interrupt service routine (ISR) re-enables interrupts. 


Unless the interrupt service routines are simple I/O handlers, the processing 
in each ISR generally must assure that the processor context is preserved 
during execution. The context must be saved before executing the routine 
itself and restored when the routine is finished. A common routine or rou- 
tines individualized for each interrupt may be used to secure the context of 
the- processor during interrupt processing. Context switching is also useful 
for subroutine calls, especially when extensive use is made of the stack or 
auxiliary registers. Code examples of context switching and an interrupt 
service routine are provided in this section. 


5.3.1 Context Switching 


Context switching, commonly required when processing a subroutine call 
or interrupt, may be quite extensive or simple, depending on the system re- 
quirements. On the TMS320C2x, the program counter is stored automat- 
ically on the hardware stack. If there is any important information in the 
other TMS320C2x registers, such as the status or auxiliary registers, these 
must be saved by software command. A stack in data memory, identified 
by an auxiliary register, is useful for storing the machine state when proc- 
essing interrupts. 


Examples of saving and restoring the state of the TMS32020 are given in 
Example 5-9 and Example 5-10. Auxiliary register 4 (AR4) is used in both 
examples as the stack pointer. As the stack grows, it expands into lower 
memory addresses. The registers saved are the status registers (STO and 
ST1), accumulator (ACCH and ACCL), product register (PR), temporary 
register (TR), all four levels of the hardware stack, and the auxiliary registers 
(ARO through AR4). 
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Example 5-9. Context Save (TMS32020) 


.title 'CONTEXT SAVE' 


+ + + 


* 


-def SAVE 


CONTEXT SAVE ON SUBROUTINE CALL OR INTERRUPT. 


SAVE LARP 4 


* 
* 


MAR si 

SAVE THE STATUS REGISTERS. 
SST1 #*- 
Sst =< 


° 
4 


’ 


» 
ti 


J 


(ARP) 


* ASSUME AR4 IS THE STACK POINTER AND AR4 


ST1 -> (127), 


STO =? 


SAVE THE ACCUMULATOR. 
; ACCH -> (125), 
; ACCL -> (124), 


SAVE ALL FOUR LEVELS OF THE 


s 
, 


NO SHIFT ON PR OUTPUT 


(126), 


; PRH -> (123), 


a 


7 


f 


PRL => 


TR -—-> 


SACH *- 
SACL *- 
SAVE THE P REGISTER. 
SPM 0 
PAC 
SACH *- 
SACL *- 
SAVE THE T REGISTER. 
MPYK ih 
PAC 
SACL *- 
RPTK 3 
POPD *- 


=e “Ae eS UM 


(122), 


(121), 


TOS (4) -> (120), 
STACK(3) -> (119), 
STACK(2) -> (118), 
BOS (1) -> (117), 


— 


SAVE AUXILIARY REGISTERS ARO THROUGH AR3. 


SAR ARO, *- 
SAR AR1,*- 
SAR AR2,*- 
SAR AR3,*- 


SAVE IS COMPLETE. 


ARO -> 
AR1 -> 
AR2 -> 
AR3 ~> 


(116), 
(115), 
(114), 
(i132), 


128. 


-> ARB, 4 -> ARP, AR4 


AR4 


AR4 
AR4 


AR4 
AR4 


AR4 
AR4 


AR4 


HARDWARE STACK. 


AR4 
AR4 
AR4 
AR4 


AR4 
AR4 
AR4 
AR4 


hou uot 


128 


127 


126 
125 


124 
123 


122 


121 


120 
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Example 5-10 


+ + FH F 


. Context Restore (TMS32020) 
.title 'CONTEXT RESTORE' 


Heo 


How i a 


Hoi we 


.def RESTOR 
CONTEXT RESTORE AT THE END OF A SUBROUTINE OR INTERRUPT. 
ASSUME AR4 IS THE STACK POINTER AND AR4 = 112. 
RESTOR LARP 4 ; (ARP) -> ARB, 4 -> ARP,AR4 
MAR * + : AR4 
RESTORE AUXILIARY REGISTERS ARO THROUGH AR3. 
LAR AR3,*+ ; (113) -> AR3, AR4 
LAR AR2,*+ ; (114) -> AR2, AR4 
LAR AR1,*+ ; (115) -> ARI, AR4 
LAR ARO,*+ ; (116) -> ARO, AR4 
RESTORE ALL FOUR LEVELS OF THE HARDWARE STACK. 
RPTK 3 
PSHD *+ ; (117) -> BOS (1), AR4 
; (118) -> STACK(2), AR4 
; (119) -> STACK(3), AR4 
; (120) -> TOS (4), AR4 


+ + HF FF HF HF F 


THE 


At tow 


\ 


Wo 


122 
121 
1271 


122 
123 


124 


125 
126 


127 
128 


THE RETURN PC IS NOW ON THE HARDWARE STACK FOR 
RET INSTRUCTION. NOTE THAT THE LOWER 16 BITS OF THE 
P REGISTER MUST BE LOADED VIA THE T REGISTER AND THAT 
THE STACK POINTER IS POINTING AT THE VALUE TO BE LOADED 
IN THE T REGISTER. 
RESTORE THE LOW P REGISTER. 

MAR _*+ ‘ AR4 

LT *- LIDS a ER AR4 

MPYK ih ; (TR) -> PRL, AR4 
RESTORE THE T REGISTER. 

LT #4 2 (121). +2 ER: ARA 

MAR *+ : - AR4 
RESTORE THE HIGH P REGISTER. 

LPH *+ S193)" = S\PRHy AR4 
RESTORE THE ACCUMULATOR. 

ZALS  *+ : (124) => ACC AR4 

ADDH *+ : 126s ROCHE. AR4 
RESTORE THE STATUS REGISTERS. 

LST + ; €126) => Std; AR4 

LSTL * 5 (127) -e> STL. AR4 
RESTORE IS COMPLETE. 

EINT ; ENABLE INTERRUPTS. 

RET RETURN TO INTERRUPTS OR 


CALLING ROUTINE. 
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Examples of saving and restoring the state of the TMS320C25 are given in 
Example 5-11 and Example 5-12. Auxiliary register 7 (AR7) is used in both 
examples as the stack pointer. As the stack grows, it expands into lower 
memory addresses. The registers saved are the status registers (STO and 
ST1), accumulator (ACCH and ACCL), product register (PR), temporary 
register (TR), all eight levels of the hardware stack, and the auxiliary regis- 
ters (ARO through AR6). | _ 


The routines in Example 5-11 and Example 5-12 are protected against in- 
terrupts, allowing context switches to be nested. This is accomplished by 
the use of the MAR *- and MAR “*+ instructions at the beginning of the 
context save and context restore routines, respectively. Note that the last 
instruction of the context save decrements AR7 while the context restore 
is completed with an additional increment of AR7. This prevents the loss 
of data if a context save or restore routine is interrupted. 
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Example 5-11. Context Save (TMS320C25) 


-title 'CONTEXT SAVE' 


.def 


+ + + + 


SAVE LARP 


MAR 
* 


SAVE 


AR7 


* = 


2 
’ 


ASSUME AR7 IS THE STACK POINTER AND AR7 = 


(ARP) -> ARB, 7 -> ARP, 


* SAVE THE STATUS REGISTERS. 


SSTl 
SST 
* 
* SAVE THE 
SACH 
SACL 


* SAVE THE 
SPM 
SPH 
SPL 

* 

* SAVE THE 
MPYK 
SPL 


* 

* SAVE ALL 
RPTK 
POPD 


+ + ee FH HF HF HF 


SAR 
SAR 
SAR 
SAR 
SAR 
SAR 


SAR 
* 


* SAVE IS COMPLETE. 


* om 
*e 


, 


; 


STL => 4127) 
STO => (126), 


ACCUMULATOR. 


* 
*e 


. 
, 


2 
, 


ACCH -> (125), 
ACCL -> (124), 


P REGISTER. 


0 


*e 
* 


e 
a 
2 
7 
A 


NO SHIFT ON PR OUTPUT 
PRH -> (123), 
PRG => (122), 


T REGISTER. 


a 


* 


» 
f 
a 
f 


PR = TR 
TR «> (i242), 


CONTEXT SAVE ON SUBROUTINE CALL OR INTERRUPT. 


Ua oy 


AR7 
AR7 


AR7 
AR7 


AR7 


AR7 = 


AR7 
AR7 


AR7 


EIGHT LEVELS OF THE HARDWARE STACK. 


7 


* 


ARO,*- 
AR1,*- 
AR2,*- 
AR3,*- 
AR4,*- 
AR5,*- 
AR6,*- 


a et nk i i i Ef i E ) 


SAVE AUXILIARY REG 


a 
, 
tA 
. 
a 
, 
, 
s 
s 


TOS: (8) => (120), 
STACK(7) -> (119), 
STACK(6) -> (118), 
STACK(5) -> (117), 
STACK(4) -> (116), 
STACK(3) -> (115), 
STACK(2) -> (114), 
BOS (1) -> (113), 


STERS ARO THROUGH AR6. 
ARO -> (112), 
AR1 -> (111), 
AR2 -> (110), 
AR3 -> (109), 
AR4 -> (108), 
AR5 -> COT ys 
AR6 -> (106), 


AR7 
AR7 
AR7 
AR7 
AR7 
AR7 
AR7 


AR7 = 


AR7 = 


AR7 
AR7 
AR7 
AR7 
AR7 
AR7 


ow oi a 


128 
LZ) 


126 
125 


124 
123 


122 


17. 


120 
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Example 5-12. Context Restore (TMS320C25) 


-title 'CONTEXT RESTORE' 
.def RESTOR 


CONTEXT RESTORE AT THE END OF A SUBROUTINE OR INTERRUPT. 


+ + 


* ASSUME AR7 IS THE STACK POINTER AND AR7 = 105. 


RESTOR LARP  AR7 ; (ARP) -> ARB, 7 -> ARP,AR7 = 105 
MAR *+ ; AR7 = 106 
* 
* RESTORE AUXILIARY REGISTERS ARO THROUGH AR6. 
LAR  ARG6,*+ ; (106) -> ARG, AR7 = 107 
LAR  ARS5,*+ ; (107) -> ARS, AR7 = 108 
LAR  AR4,*+ ; (108) -> AR4, AR7 = 109 
LAR  AR3,*+ ; (109) -> AR3, AR7 = 110 
LAR  AR2,*+ ; (110) -> AR2, AR7 = 111 
LAR  AR1,*+ ; (111) -> ARI, AR7 = 112 
LAR  ARO,*+ ; (112) -> ARO, AR7 = 113 
* 
* RESTORE ALL EIGHT LEVELS OF THE HARDWARE STACK. 
RPTK 7 
PSHD *+ ; (113) -> BOS (1), AR7 = 114 
* ; (114) -> STACK(2), AR7 = 115 
* ; (115) -> STACK(3), AR7 = 116 
* ; (116) -> STACK(4), AR7 = 117 
* ; (117) -> STACK(5), AR7 = 118 
x ; (118) -> STACK(6), AR7 = 119 
x ; (119) -> STACK(7), AR7 = 120 
x ; (120) -> Tos (8), AR7 = 121 
* 
* THE RETURN PC IS NOW ON TOP OF THE STACK FOR THE RET 
* INSTRUCTION. THE LOWER 16 BITS OF THE P REGISTER MUST 
* BE LOADED VIA THE T REGISTER AND THE STACK POINTER BE 
* POINTING AT THE VALUE TO BE LOADED IN THE T REGISTER. 
* : 
* RESTORE THE LOW P REGISTER. 
MAR  *+ ; SKIP T REGISTER, AR7 = 122 
LT *— ; (122) -> TR, ART -= 121 
MPYK 1 ; (TR) -> PRL 
* 
* RESTORE THE T REGISTER. : 
Lt *+ (121) -> TR, ART = 222 
MAR = *+ ; SKIP P REGISTER LOW, ART = 123 
* 
* RESTORE THE HIGH P REGISTER. 
LPH = *+ ; (123) -> PRH, AR7 = 124 
4 
* RESTORE THE ACCUMULATOR. 
ZALS *+ ; (124) -> aAccL, AR7 = 125 
ADDH *+ ; (125) -> ACCH, AR7 = 126 
* 
-* RESTORE THE STATUS REGISTERS. 
LST  =—-*+ ; (126) ~> STO, ART = 127 
LST1  *+ ; (127) -> ST1, ART = 128 
* 
* RESTORE IS COMPLETE. 
EINT ; ENABLE INTERRUPTS. 
RET ; RETURN TO INTERRUPTS OR 


; CALLING ROUTINE. 
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5.3.2 Interrupt Priority 


Example 5-13 


Interrupts on the TMS320C2x are prioritized in hardware. This allows inter- 
rupts that occur simultaneously to be serviced in a prioritized order. Some- 
times priority may be determined by frequency or rate of occurrence. An 
infrequent, but lengthy, interrupt service routine (ISR) might need to be in- 
terrupted by a more frequently occurring interrupt. In the routine of Example 
5-13, the ISR for INT1 temporarily modifies the interrupt mask register (IMR) 
to permit interrupt processing when an interrupt on INTO (but no other inter- 
rupt) occurs. When the routine has finished processing, the IMR is restored 
to its original state. Example 5-13 is written for the TMS320C25; however, 
AR4 can be substituted for AR7 when using the TMS32020. 


.title 'INTERRUPT SERVICE ROUTINE' 


.def 
ref 


e+e + H+ He 


tH 
6p) 
vs) 
jt 


LARP 
MAR 
SST1 
Sst 
SACH 
SACL 
LDPK 
PSHD 
LACK 
AND 
SACL 
~ EINT 


ISR1 
IMR 


AR7 
* 


* 
ee 
k 
* 


0 

IMR 
O0001h 
IMR 
IMR 


se SMO Ne RA NS ONE NE OH! OME Ne ON KE 


. Interrupt Service Routine 


7 --> ARP 
SPL <=> 
STO. ==> 
ACCH ==> 
ACCL, ==? 
DP = 0 


*AR7T, 
*ART, 
*ART, 
PART; 


IMR --> TOS 


MASK FOR INTO- 


AR7 
AR7 
AR7 
AR7 
AR7 


BUT NO OTHER. 


tou dw we 


AR7 
AR7 
AR7 
AR7 
AR7 


MASK CURRENT IMR CONTENTS. 
ACC --> IMR 
ENABLE INTERRUPTS. 


* MAIN PROCESSING SECTION FOR ISR1. 


DINT 
LDPK 
POPD 
LARP 
MAR 

ZALS 
ADDH 
LST 

LST. 
EINT 
RET 


we “SG Ne Ne NMS ONS ME Ne NF Ne 


DISABLE INTERRUPTS. 


ACCL, 
ACCH, 
STO, 
STl, 


DP = 0 

LOS <-> IMR 
7 => ARP 
2A] Ha? 
SAR | Se? 
RAR] => 
SER] SD 


AR7 
AR7 
AR7 
AR7 
AR7 


ENABLE INTERRUPTS. 


tou ue wu 


AR7 
AR7 
AR7 
AR7 
AR7 


t+tet 


INTERRUPT PROCESSING FOR EXTERNAL INTERRUPT INTI1-. 


bh Re 


ee 


THIS ROUTINE MAY BE INTERRUPTED BY AN INTERRUPT FROM THE 
EXTERNAL INTERRUPT INTO-, 


5-23 


Software Applications - Memory Management 


5.4 Memory Management 


The structure of the TMS320C2x memory map is programmable and can vary 
for each application. Instructions are provided for moving blocks of data or 
program memory, configuring a block of on-chip data RAM as program 
memory, and defining part of external data memory as global. Explanations 
and examples of moving, configuring, and manipulating memory are provided 
in this section. 


5.4.1 Block Moves 


. Since the TMS320C2x directly addresses a large amount of memory, blocks 


of data or program code can be stored off-chip in slow memories and then 
loaded on-chip for faster execution. Data can also be moved from on-chip to 
off-chip for storage or for multiprocessor data transfers. 


The BLKD and BLKP instructions facilitate memory-to-memory block moves 
on the TMS320C2x. The BLKD instruction moves a block within data memory 
as shown in Example 5-14. Data may also be transferred between data 
memory and program memory by means of the TBLR and TBLW instructions. 
The instructions IN and OUT are used to transfer data between the data 
memory and the !/O space. 


Example 5-14. Moving External Data to Internal Data Memory with BLKD 


* THIS ROUTINE USES THE BLKD INSTRUCTION TO MOVE A BLOCK OF 
EXTERNAL DATA MEMORY (DATA PAGES 8 AND 9) TO INTERNAL BLOCK 
Bl (DATA PAGES 6 AND 7). 


+ e 


MOVED LARP AR2 
LRLK AR2,300h ; DESTINATION IS BLOCK Bl IN RAM. 


RPTK 255 | ; REPEAT NEXT INSTRUCTION 256 TIMES. 
BLKD 400h,*+ ; MOVE EXTERNAL BLOCK TO BLOCK Bl. 
RET ; RETURN TO MAIN PROGRAM. 


For systems that have external program memory but no external data memory, 
BLKP can be used to move program memory blocks into data memory. Ex- 
ample 5-15 demonstrates how to use the BLKP instruction. 


Example 5-15. Moving Program Memory to Data Memory with BLKP 
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* THIS ROUTINE USES THE BLKP INSTRUCTION TO MOVE DATA VALUES 
* FROM PROGRAM MEMORY INTO DATA MEMORY. SPECIFICALLY, THE 

* VALUES IN LOCATIONS 2, 3, 4, AND 5 IN PROGRAM MEMORY ARE 

* MOVED TC LOCATIONS 512, 513, 514, AND 515 IN DATA MEMORY. 
* : : 


MOVEP LARP AR2 
LRLK AR2,512 
RPTK 3 
BLKP 2h,*+ 
RET 


SET REFERENCE FOR INDIRECT ADDRESSING. 
LOAD BEGINNING OF BLOCK BO IN AR2. 
SET UP LOOP. 

PUT DATA INTO DATA RAM. 

RETURN TO MAIN PROGRAM. 


me Ne SA NE ON 


Software Applications - Memory Management 


Another method for transferring data from program memory into data memory 
makes use of the TBLR instruction. By using the TBLR instruction, a calcu- 
lated, rather than predetermined, location of a block of data in program mem- 
ory may be specified for transfer. A routine using this approach is shown in 
Example 5-16. 


Example 5-16. Moving Program Memory to Data Memory with TBLR 


THIS RCUTINE USES THE TBLR INSTRUCTION TO MOVE DATA VALUES 
FROM PROGRAM MEMORY INTO DATA MEMORY. BY USING THIS ROUTINE, 
THE PROGRAM MEMORY LOCATION IN THE ACCUMULATOR FROM WHICH 
DATA IS TO BE MOVED TO A SPECIFIC DATA MEMORY LOCATION CAN 
BE SPECIFIED. ASSUME THAT THE ACCUMULATOR CONTAINS THE 

ADDRESS IN PROGRAM MEMORY FROM WHICH TO TRANSFER THE DATA. 


+e * + + 


TABLER LARP AR3 
LRLK AR3,380; DESTINATION ADDRESS = PAGE 7. 


RPTK 127 ; TRANSFER 128 VALUES. 
TBLR *+ ; MOVE DATA INTO DATA RAM. 
RET ; RETURN TO CALLING PROGRAM. 


In cases where systems require that temporary storage be allocated in the 
program memory, TBLW can be used to transfer data from internal data 
memory to external program memory. TRe cade | in Example 5-17 demonstrates 
how this may be accomplished. 


Example 5-17. Moving Internal Data Memory to Program Memory with TBLW 


THIS ROUTINE USES THE TBLW INSTRUCTION TO MOVE DATA VALUES 
FROM INTERNAL DATA MEMORY TO EXTERNAL PROGRAM MEMORY. THE 
CALLING ROUTINE MUST SPECIFY THE DESTINATION PROGRAM MEMORY 
ADDRESS IN THE ACCUMULATOR. ASSUME THAT THE ACCUMULATOR 
CONTAINS THE ADDRESS IN PROGRAM MEMORY INTO WHICH THE DATA 
IS TRANSFERRED. 


+ + + % FF 


TABLEW LARP AR4 
LRLK AR4,380 ; SOURCE ADDRESS = PAGE 7. 


RPTK 127 ; TRANSFER 128 VALUES. 
TBLW *+ ; MOVE DATA TO EXTERNAL PROGRAM RAM. 
RET ; RETURN TO CALLING PROGRAM. 


The IN and OUT instructions are used to transfer data between the data 
memory and the I/O space, as shown in Example 5-18 and Example 5-19. 
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Example 5-18. Moving Data from !/O Space into Data Memory with IN 


THIS ROUTINE USES THE IN INSTRUCTION TO MOVE DATA VALUES 
FROM THE I/O SPACE INTO DATA MEMORY. DATA ACCESSED FROM 
I/O PORT 15 IS TRANSFERRED TO SUCCESSIVE MEMORY LOCATIONS 
ON DATA PAGE 5. . 


+ + ££ F F 


INPUT LARP AR2 
LRLK AR2,2COh; DESTINATION ADDRESS = PAGE 5. 


RPTK 63 ; TRANSFER 64 VALUES. 
IN *+,PA15 ; MOVE DATA INTO DATA RAM. 
RET ; RETURN TO CALLING PROGRAM. 


Example 5-19. Moving Data from Data Memory to I/O Space with OUT 


5.4.2 Configuring On-Chip RAM 
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THIS ROUTINE USES THE OUT INSTRUCTION TO MOVE DATA VALUES 
FROM THE DATA MEMORY TO THE I/O SPACE. DATA IS TRANSFERRED 
TO I/O PORT 8 FROM SUCCESSIVE MEMORY LOCATIONS ON DATA 
PAGE 4. 


+ FH 


OUTPUT LARP AR4 


LRLK AR4,200h ; SOURCE ADDRESS = PAGE 4. 


; 
RPTK 63 ; TRANSFER 64 VALUES. 
OUT *+,PA8 7; MOVE DATA FROM DATA RAM. 
RET ; 


RETURN TO CALLING PROGRAM. 


} 


The large amount of external memory and the configurability of on-chip RAM 
simplify the downloading of data or program memory into the TMS320C2x. 
Also, since data in the RAM is preserved when redefining on-chip RAM, block 
BO can be configured dynamically as either data or program memory. Figure 
5-1 illustrates the changes in on-chip RAM when switching configurations. 


On-chip memory is configured by a reset or by the CNFD and CNFP in- 
structions. Block BO is configured as data memory by executing CNFD or re- . 
set. A CNFP instruction configures block BO as program memory. 
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PROGRAM DATA MEMORY 
BUS BUS LOCATIONS 


Ke 


MEMORY-MAPPED DATA 0-5 
REGISTERS (0000h-0005h) 


, DATA 96-127 
eueticg \ (0060h-007Fh) 
DATA 512-767 
K 
sees Lorine 
DATA 768-1023 
eautidat } (0300h-03FFh) 


PROGRAM DATA MEMORY 
BUS BUS LOCATIONS 

) % MEMORY-MAPPED | | DATA 0-5 
“ SReeaaaana (0000h-0005h) 


REGISTERS 


BLOCK B2 
BLOCK BO 
BLOCK B1 


Figure 5-1. On-Chip RAM Configurations 


DATA 96-127 
(0060h-007Fh) 


PROG 65280-65535 
(OFFOOh-OFFFFh) 


DATA 768-1023 
(0300h-03FFh) 


Configuring block BO as program memory is useful for implementing adaptive 
filters or similar applications at full speed with only on-chip memories. Ex- 
ample 5-20 illustrates the use of the configuration modes to utilize block BO 
as data and program memory while executing from on-chip program ROM. 
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Example 5-20. Configuring and Using On-Chip RAM 


.title 'ADAPTIVE FILTER' 
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+ + H+ HF 


* 


def 
.def 


ADPFIR 
Xx,¥ 


THIS 128-TAP ADAPTIVE FIR FILTER USES ON-CHIP MEMORY BLOCK 
BO FOR COEFFICIENTS AND BLOCK Bl FOR DATA SAMPLES. THE 
NEWEST INPUT SHOULD BE IN MEMORY LOCATION X WHEN CALLED. 
THE OUTPUT WILL BE IN MEMORY LOCATION Y WHEN RETURNED. 


COEFFP .set 
COEFFD .set 


ONE -set 
BETA .set 
ERR set 
ERRF -set 
Y -set 
x -set 


FRSTAP .set 
LASTAP .set 
* 


* FINITE IMPULSE RESPONSE 


* 


ADPFIR CNFP 


MPYK 
LAC 

LARP 
LRLK 


FIR RPTK 


* 


* LMS ADAPTATION OF FILTER 


* 


ADAPT 


MACD 
CNFD 
APAC 
SACH 
NEG 

ADD 

SACH 


LT 
MPY 
PAC 
ADD 
SACH 
LARP 
LARK 
LRLK 
LRLK 
DMOV 
LT 
MPY 


ZALH 
ADD 
APAC 
MPY 
SACH 
BANZ 
RET 


OFFOOh 
0200h 
7An 
7Bh 
7Ch 
7Dh 
7En 
7Fn 
0380h 
O3FFh 


0 

ONE, 14 

AR3 
AR3,LASTAP 
a2) 
COEFFP, *- 


erate 


xPai5 
ERR,1 


ERR 
BETA 


ONE,14 
ERRF,1 

AR3 
AR1,127 
AR2,COEFFD 
AR3,LASTAP 
X 

ERRF 

*—, AR2 


* AR3 
ONE, 15 
ta UAWD 


*+,0,AR1 
ADAPT, *-,AR2 


=e “oe SNe SG UNUM 


BO PROGRAM MEMORY ADDRESS 
BO DATA MEMORY ADDRESS 

CONSTANT ONE (DP=6) 
ADAPTATION CONSTANT (DP=6) 


SIGNAL ERROR (DP=6) 
ERROR FUNCTION (DP=6) 
FILTER OUTPUT (DP=6) 
NEWEST DATA SAMPLE (DP=6) 


NEXT NEWEST DATA SAMPLE 
OLDEST DATA SAMPLE 


(FIR) FELESR. 


CONFIGURE BO AS PROGRAM: 
Clear the P register. 

Load output rounding bit. 
Point to the oldest sample. 


128-tap FIR filter. 
CONFIGURE BO AS DATA: 


Store the filter output. 


Add the newest input. 
err(n) = x(n) - y(n) 


COEFFICIENTS. 


=e =e “we =e 


ue we 6S =e ‘we we “ee 


128-TAP FIR FILTER. 


errf(n) = beta * err(n) 


ROUND THE RESULT. 


128 COEFFICIENTS TO UPDATE. 
POINT TO THE COEFFICIENTS. 
POINT TO THE DATA SAMPLES. 
INCLUDE NEWEST SAMPLE. 


P = 2*beta*err(n)*x(n-k) 


LOAD ACCH WITH ak(n). 

LOAD ROUNDING BIT. 

ak(n+1) = ak(n) + P 

P = 2*beta*err(n)*x(n-k) 
STORE ak(nt+l1). 

END OF LOOP TEST. 

RETURN TO CALLING ROUTINE. 


Software Applications - Memory Management 


5.4.3 Using On-Chip RAM for Program Execution 


In using on-chip memory (block BO) for program execution, this memory must 
first be loaded with executable code from external memories while configured 
as data memory. On-chip execution is initiated by using the CNFP instruction 
to reconfigure block BO as program memory and performing a branch or call 
to an on-chip RAM address. By configuring block BO as program memory and 
executing from this internal memory, full-speed execution can be achieved in 
systems using slower external memory. Example 5-21 illustrates how a pro- 
gram may be written to be loaded into and executed from on-chip memory. 


One group of instructions, the branch/call instructions, are impacted by the 
location of execution. Normally, by using labels, the assembler properly de- 
termines the location to which a branch is taken. Since the code is relocated 
prior to execution from on-chip memory, it is necessary to alter the address 
determined by the assembler for branch instructions. This alteration is neces- 
sary so that the branch address that is determined can be consistent with the 
address space used during execution. In Example 5-21, this is accomplished 
by use of the .asect directive. The .asect directive simply indicates that the 
named section is to be assembied as if it was at the specified address. The 
addresses defined within this named section are absolute with respect to the 
specified address. The section may, then, be placed in any area of program 
memory by the linker and relocated at runtime to its fixed location for exe- 
cution as is shown in this example. 
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Example 5-21. Program Execution from On-Chip Memory 


RESET 
* 


.title "ON-CHIP RAM PROGRAM EXECUTION EXAMPLE" 


-width 96 
option X 
text 

B INIT 


* BRANCHES FOR EXTERNAL OR INTERNAL INTERRUPTS FOLLOW HERE AT 
* THE DESIGNATED LOCATIONS AS REQUIRED. 
* 


+ + + + HF 


INIT 


* 


LOAD 


* 


* 


.space (32-($-RESET) )*16 


A BRANCH INSTRUCTION AT PROGRAM MEMORY LOCATION O DIRECTS 
PROCESSOR EXECUTION HERE. 


INITIALIZE THE PROCESSOR. 


ROVM ; DISABLE OVERFLOW MODE. 

SSXM ; SET SIGN EXTENSION. 

LDPK 0 ; POINT DP REGISTER TO DATA MEMORY PAGE 0O. 
SPM 6) ; NO SHIFT ON PRODUCT REGISTER OUTPUT. 
LARP AR4 ; USE AUXILIARY REGISTER 4 (SET ARP = 4). 
LARK AR4,PRD ; POINT AR4 TO PERIOD REGISTER. 

LALK OFFFFh ; SET ACCUMULATOR TO OOOOFFFFh. 

SACL ia ; LOAD PERIOD REGISTER WITH MAXIMUM VALUE. 
SACL ae ; ENABLE ALL INTERRUPTS VIA IMR. | 

ZAC ; CLEAR ACCUMULATOR. 

SACH x ; CLEAR GREG TO MAKE ALL MEMORY LOCAL. 


TIME-CRITICAL CODE FROM EXTERNAL SLOW MEMORY TO INTERNAL RAM. 


LARP AR1 ; USE AUXILIARY REGISTER 1 (SET ARP = 1). 


a 
LRLK _AR1,PROGR ; POINT AR1 TO RECONFIGURABLE BLOCK BO. 
RPTK PROGL-1 ; LOAD REPEAT COUNTER WITH BLOCK LENGTH. 
BLKP P1_START,*+ ; MOVE CODE FROM PROG MEMORY TO ON-CHIP RAM. 


INITIALIZE PARAMETERS FOR EXECUTION. 


LDPK 6 ; POINT DP REGISTER TO DATA MEMORY PAGE 6. 
LACK 1 ; SET ACCUMULATOR TO OOOLh. 

SACL ONE .- ; STORE VALUE OF 1. 

LRLK AR1, COEFF ; POINT AR1 TO INTERNAL MEMORY ADDRESS. 
RPE COEFL=1 ; LOAD REPEAT COUNTER WITH BLOCK LENGTH. 
BLEKP -C1L_START,*+ ; MOVE DATA FROM PROG MEMORY TO ON-CHIP RAM. 
CNFP ; CONFIGURE BLOCK BO AS PROGRAM MEMORY. 
LALK LPTS ; LOAD ACC WITH PROG ADDR IN INTERNAL RAM. 
BACC ; BRANCH TO ON-CHIP EXECUTION ADDRESS. 


* SIGNAL PROCESSING CODE TO BE EXECUTED FROM ON-CHIP RAM. 


* 
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easect 
PROG .- label 
LPTS BLOZ 


GET OUT 


PROGE .label 
PROGL .equ 
* 


* COEFFICIENT 

* 

COEF . label 
.word 
-word 
.word 
-word 

COEFE .label 

COEFL .equ 

* 


* DATA PAGE O 

* 
-bss 
.bss 
-bss 
.bss 
-bss 
.bss 


-bss 
.bss 
-bss 

* DATA PAGE 4 


BO -bss 
.bss 
.bss 
* 


* DATA PAGE 6 

* 

Bl .bss 
.oss 
.bss 
-bss 
-bss 
.end 


"on-chip",OFFOOh 


P1_START 
GET 

LPTS 
FILOUT,PA2 
FILIN, PA2 
AR1,SIGNAL 


0 
15 
COEF, *= 


FILOUT,1 
LPTS 
P1_END 
PROGE-PROG 


° 
a 


~s “Oe we ws |B UM UNS UE UN UNE Ue OE 
¢ 


WAIT FOR INPUT SIGNAL. 

BRANCH IF NO SIGNAL. 

OUTPUT LAST FILTER OUTPUT. 

INPUT NEW SIGNAL SAMPLE. 

POINT AR1 TO SIGNAL DATA TO PROCESS. 
CLEAR THE ACCUMULATOR. 

CLEAR THE P REGISTER. 

REPEAT MACD INSTRUCTION FOR 16 TAPS. 
MULTIPLY, ACCUMULATE, SAMPLE DELAY. 

ACCUMULATE THE LAST PRODUCT. 

SAVE THE RESULT. 

LOOP TO WAIT FOR NEXT SAMPLE. 


PROGRAM CODE LENGTH. 


DATA TO BE LOADED INTO ON-CHIP RAM. 


C1_START 


3657 1196,;1839;-2009 
1390,407,-4403,19958 
19958,-4403,407,1390 
“2009 ,16039;—-L196,385 


C1_END 
COEFE-COEF 


(BLOCK B2) 


DRR,1 
DXR,1 
TIM,1 
PRD,1 
IMR,1 
GREG, 1 


RSVRDO , O5Ah 
B2,020h 


RSVRD1,0180h 


(BLOCK BO) 


PROGR, PROGL 
COEFF, COEFL 


; 


we “ae we Ne GF ONE 


7 


e 
a 


COEFFICIENT DATA LENGTH. 


~ DATA MEMORY LABELS. 


SERIAL PORT DATA RECEIVE REGISTER. 

SERIAL PORT DATA TRANSMIT REGISTER. 
TIMER REGISTER. 

PERIOD REGISTER. 

INTERRUPT MASK REGISTER. 

GLOBAL MEMORY ALLOCATION REGISTER. 


- DATA MEMORY LABELS. 


LOCATIONS FOR INTERNAL PROGRAM CODE. 
LOCATIONS FOR COEFFICIENT MEMORY. 


FREEO,0100h- (PROGL+COEFL) 


(BLOCK B1) 


ONE, 1 
FILOUT,1 
FILIN,1 
SIG,13 
SIGNAL, 1 


“ee 


e 
J 


DATA MEMORY LABELS. 


RESERVED FOR DATA VALUE OF 1. 
FILTER OUTPUT SIGNAL VALUE. 
FILTER INPUT SIGNAL VALUE. 


LAST SIGNAL DELAY VALUE. 
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5, 5 Fundamental Logical and Arithmetic Operations 


Although the TMS320C2x instruction set is oriented toward digital signal 
processing, the same fundamental operations of a general-purpose processor 
are included. This section explains basic operations of the TMS320C2x Cen- 
tral Arithmetic Logic Unit (CALU), particularly accumulator operations, the 
status register effect on data processing, and bit manipulation. 


The TMS320C2x provides a complete set of logical operations, including 
AND, OR, XOR, and CMPL (complement) instructions. This enables the de- 
vice to perform any logical function. These instructions may be used to per- 
form sign magnitude to two’s complement or the reverse conversions. 


The contents of the accumulator may be stored in data memory using the 
SACH and SACL instructions or stored in the stack by using the PUSH in- 
struction. The accumulator may be !oaded from data memory using the ZALH 
and ZALS instructions, which zero the accumulator before loading the data 
value. The ZAC instruction zeroes the accumulator. POP can be used to re- | 
store the accumulator contents from the stack. 


The accumulator is also affected by the ABS and NEG instructions. ABS re- 
places the contents of the accumulator with the absolute value of its contents. 


‘NEG generates the arithmetic complement of the accumulator in two’s- 


complement form. 


5.5.1 Status Register Effect on Data Processing 


5-32 


Three data processing options allow the ALU to automatically suppress sign 
extension, manage overflow, or scale product accumulations. These options 
are enabled or disabled through bits in the status registers. These options 
function in parallel with normal execution of the instructions and cause no 
additional machine cycles, therefore no performance overhead. 


The sign-extension mode option is used to determine whether or not the 
shifted data values fetched for ALU operations should be sign-extended. The 
SXM status bit controls this operation. This bit is set to ‘1’ for enabling sign 
extension using the SSXM instruction, and set to ‘0’ for suppressing sign ex- 
tension using the RSXM instruction. This operation affects all the instructions 
that include a shift of the incoming data value, i.e, ADD, ADDT, ADLK, LAC, 
LACT, LALK, SBLK, SFR, SUB, and SUBT. 


The overflow mode option is ‘used to minimize the effects of an arithmetic 
overflow by forcing the accumulator to saturate at the largest positive value 
(or in the case of underflow, the largest negative value). The OVM status bit 


controls this operation. The overflow mode is enabled by setting the OVM bit 


to a ‘1’ using the SOVM instruction, and reset using the ROVM instruction. 
This feature affects all arithmetic operations in the ALU. 


The product register shift mode option forces all products to be shifted before 
they are accumulated. The products can be left-shifted one bit to delete the 
extra sign bit in the multiply of two 16-bit signed numbers. The products can 
be left-shifted four bits to delete the extra sign bits in multiplying a 16-bit data 
value by a 13-bit constant. The product shifter can also be used to shift all 
products six bits to the right to allow up to 128 product accumulations with- 
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out the threat of an arithmetic overflow, thereby avoiding the overhead of 
overflow management. The shifter can be disabled to cause no shift in the 
product when working with integer or 32-bit precision operations. This also 
maintains compatibility with TMS320C1x code. These operations are con- 
trolled by the value contained in the PM bits of status register ST1. The PM 
bits are set using the SPM instruction. This feature affects all the instructions 
that use the product of the multiplier, i.e., APAC, LTA, LTD, LTP, LTS, MAC, 
MACD, MPYA, MPYS, PAC, SPAC, SPH, SPL, SQRA, and SQRS. 


5.5.2 Bit Manipulation 


The BIT instruction tests any of the 16 bits of the addressed data word. The 
specified bit is copied into the TC of the status register. The bit tested is 
specified by a bit code in the opcode of the instruction. Either the BBZ 
(branch on TC bit = 0) or BBNZ (branch on TC bit = 1) instructions check 
the bit and allow branching to a service routine. 


Bit testing is useful in control applications where a number of states or con- 
ditions may be latched externally and read into the TMS320C2x via an IN in- 
struction. At this point, individual bits can be tested and branches taken for 
appropriate processing. 


Since the BIT instruction requires the bit code to be specified with the in- 
struction, it cannot be placed in a loop to test several different bits of a data 
word or bits determined by prior processing for efficient use. The TMS320C2x 
also has a BITT instruction in which the bit code Is specified in the T register. 
Since the T register can easily be modified, BITT may be used to test all bits 
of a data word if placed within a loop or to test a bit location determined by 
past processing. 


Example 5-22. Using BIT and BBZ 


* THIS ROUTINE USES THE BIT INSTRUCTION TO TEST THE CONDITION 
* OF AN EXTERNAL MUX. BIT 4 DETERMINES THE UTILITY OF THE 
* REMAINING DATA. IF ZERO, A COUNTER IS INCREMENTED. IF ONE, 
* ADDITIONAL PROCESSING OCCURS AND THE COUNTER IS CLEARED. 
* THE ROUTINE IS INVOKED WHENEVER A TIMER INTERRUPT OCCURS. 
* 
TIME SST STO ; SAVE STATUS REGISTER STO. 
LDPK 0 
LARP AR3 
IN DAT,PA8 ; READ IN VALUE. 
BIT DAT,OBh j; TEST BIT 4. 7 
BBZ INCR ; BRANCH AND INCREMENT IF POSITIVE. 
LARK AR3,0 ; CLEAR THE COUNTER. 
LST STO ; RELOAD THE STATUS REGISTER. 
EINT ; ENABLE INTERRUPTS. 
RET ; RETURN TO INTERRUPTED ROUTINE. 
* 
INCR MAR *+ ; INCREMENT THE COUNTER. 
LST STO ; RELOAD THE STATUS REGISTER. 
EINT ; ENABLE INTERRUPTS. 
RET ; RETURN TO INTERRUPTED ROUTINE. 
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Example 5-23. 
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INTERRUPT 


e+e ee + He 


TIME Sst 
LDPK 
LARP 
LAR 
LRLK 
IN 


TMLOOP LT 


LTEST BANZ 


Using BITT and BBNZ 


THIS ROUTINE USES THE BITT INSTRUCTION TO TEST THE CONDITION 
OF AN EXTERNAL MUX. A BIT IN THE MUX IS SIGNIFICANT ONLY 
WHEN PRIOR PROCESSING HAS DESIGNATED THE BIT TO BE ACTIVE. 
INDIVIDUAL PROCESSING WILL TAKE PLACE BASED UPON THE STATE 
OF THE TESTED BIT. THE BITS ARE TESTED EACH TIME A TIMER 


OCCURS. 

STO ; SAVE STATUS REGISTER STO. 
0 

AR3 

AR3,BCNT ; LOAD COUNT OF ACTIVE BITS. 
AR4,BTBL ; LOAD THE BIT TABLE ADDRESS. 
DAT, PA8 ; READ IN VALUE. 

LTEST,*-,4 

RAs ; LOAD BIT CODE. 

DAT ; TEST SPECIFIED BIT. 

LTEST ; BRANCH IF BIT IS ONE. 


TMLOOP ,*-,4 
Sto ; RELOAD THE STATUS REGISTER. 
| ; ENABLE INTERRUPTS. 
; RETURN TO INTERRUPTED ROUTINE. 
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5.6 Advanced Arithmetic Operations 


The TMS320C2x provides special instructions that facilitate efficient exe- 
cution of arithmetic-intensive DSP algorithms, such as MACD, SQRA, SUBC, 
and NORM. Explanations and examples of how to use these instructions with 
overflow management and for data move, multiplication-accumulation, divi- 
sion, floating-point arithmetic, indexed addressing, and extended-precision 
arithmetic are included in this section. 


5.6.1 Overflow Management 


The TMS320C25 has four features that can be used to handle overflow man- 
agement. These include the branch on overflow conditions, accumulator sat- 
uration (overflow mode), product register right shift, and accumulator right 
shift. These features provide several options for overflow protection within an 
algorithm. 


A program can branch to an error handler routine on an overflow of the ac- 
cumulator by using the BV (branch on overflow) instruction or bypass an error 
handler by using the BNV (branch if no overflow) instruction. These in- 
structions can be performed after any ALU operation that may cause an ac- 
cumulator overflow. 


The overflow mode is a useful feature for DSP applications. This mode sim- 
ulates the saturation effect characteristic of analog systems. When enabled, 
any overflow in the accumulator results in the accumulator contents being 
replaced with the largest positive value (7FFFFFFFh) if the overflowed num- 
ber is positive, or the largest negative value (80000000h) if negative. The 
overflow mode is controlled by the OVM bit of status register STO and can be 
changed by the SOVM (set overflow mode), ROVM (reset overflow mode), 
or LST (load status register) instructions. Overflows can be detected in soft- 
ware by testing the OV (overflow) bit in status register STO. When a branch 
is used to test the overflow bit, OV is automatically reset. Note that the OV 
bit does not function as a Carry bit. It is set only when the absolute value of a 
number is too large to be represented in the accumulator, and it is not reset 
except by specific instructions. 


Another method of overflow management, which applies to multiply-accu- 
mulate operations, is the use of the right shifter of the product register. The 
right shifter, which operates with no cycle overhead, allows up to 128 accu- 
mulations without the possibility of an overflow. The least-significant six bits 
of the product are lost, and the MSBs are filled with sign bits. This feature is 
initiated by setting the PM bits of status register ST1 to ‘11’ using the SPM 
or LST1 instructions. 


The TMS320C2x also has a right shift of the accumulator (using the SFR in- 
struction) to scale down the accumulator when it nears overflow. 
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5.6.2 Scaling 


Scaling the data coming into the accumulator or already in the accumulator 
is useful in signal processing algorithms. This is frequently necessary in 
adaptation or other algorithms that must compute and apply correction 
factors or normalize intermediate results. Scaling and normalizing are im- 
plemented on the TMS320C2x via right and left shifts in the accumulator 
and shifts of data on the incoming path to the accumulator. 


Right and left shifts of the accumulator can be performed using the SFL and 
SFR instructions. SFL performs a logical left shift. SFR performs logical or 
arithmetic right shifts depending on the state of the SXM bit in the status 
register. A one in the SXM bit, corresponding to sign-extension enabled, 
Causes an arithmetic shift to be performed. 


In addition to the shift instructions, data can be left-shifted 0 to 15 bits 
when the accumulator is loaded using a LAC instruction, and left-shifted 
0, 1, or 4 bits on the TMS32020 or 0 to 7 bits on the TMS320C25 when 
storing from the accumulator using SACH or SACL instructions. These 
shifts can be used for loading numbers into the high 16 bits of the accu- 
mulator and renormalizing the result of a multiply. The incoming left shift 
of 0 to 15 bits can be supplied in the instruction itself or can be taken from 
the lowest four bits of the T register. Left shifts of data fetched from data 
memory are available for loading the accumulator (LAC/LACT), adding to 
the accumulator (ADD/ADDT), and subtracting from the accumulator 
(SUB/SUBT). The contents of the P register may also be shifted prior to 
accumulation. 


5.6.3 Moving Data 


Many DSP applications must perform convolution operations or other op- 
erations similar in form. These operations require data to be shifted or de- 
layed. The DMOV, LTD, and MACD instructions can perform the needed 
data moves for convolution. 


The data move function allows a word to be copied from the currently ad- 
dressed data memory location in on-chip RAM to the next higher location 
while the data from the addressed location is being operated upon (e.g., 
by the CALU). The data move and the CALU operation are performed in the 
same cycle. In addition, an ARAU operation may also be performed in the 
same cycle when using the indirect addressing mode. The data move func- 
tion is useful in implementing algorithms, such as convolutions and digital 
filtering, where data is being passed through a time window. It models the 
z7| delay operation encountered in those applications. The data move 
function is continuous across the boundary of the on-chip data memory 


blocks BO, B1, and B2. However, the data move function cannot be used 
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if off-chip memory is referenced. 
In Example 5-24, the following equation is implemented: 
2 


Y(n) = >. H(k) X(n-k) 
k=0 
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where the H values stay the same, and the X values are shifted each time the 
microprocessor performs one of the following series of multiplications (similiar 
to operations performed in FIR filters): 


First Series: Y(2) = 
Second Series: Y(3) = 
Third Series: Y(4) = 


(HO) (X2) + (H1) (X17) +(H2) (XO) 
(HO) (X3) + (H1) (X2) + (H2) (X71) 
(HO) (X4) +(H1) (X3) +(H2) (X2) 


The MACD instruction, which combines accumulate and multiply operations 
with a data move, is tailored to the type of calculation shown in the summation 
equation above. In order to use MACD, the H values have been stored in 
block BO, configured as program RAM, and the X values have been read into 
block B1 of data RAM as shown in Figure 5-2. 


PROGRAM DATA 
BLOCK BO BLOCK Bt 


OFFOOh 300h 


OFFOTh 30th 
OFFO2h 302h— 


(COEFFICIENTS) (SAMPLES) 


Figure 5-2. MACD Operation 


Also in Example 5-24, the summation in the above equation is performed in 
the reverse order, i.e., from K = 2 to 0, due to the operation of the data move 
function. This results in the oldest X value being used and discarded first. 


lf the MACD instruction is replaced with the following two instructions, then 
the MAC instruction can be utilized with the same results. 


MAC x 
DMOV *- 


In cases where many more than three MACD instructions are required, the 


RPT or RPTK instructions may be used with MACD, yielding the same com- 
putational results but using less assembly code. 
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Example 5-24. 


+ + H+ eH HF 


FIR CNFP 


Using MACD for Moving Data 


THIS ROUTINE IMPLEMENTS A SINGLE PASS OF A THIRD-ORDER FIR 
FILTER. IT IS ASSUMED THAT THE H AND X VALUES HAVE ALREADY 
BEEN LOADED INTO THEIR RESPECTIVE MEMORY LOCATIONS, THAT 
THE ACCUMULATOR AND P REGISTER ARE BOTH RESET TO ZERO, AND 
THAT AR1 IS POINTING AT XO. NOTE THAT THE MACD INSTRUCTION 
MAY BE USED IN THE REPEAT MODE, BUT IT IS NOT IMPLEMENTED 
HERE. : 


CONFIGURE BLOCK BO AS PROGRAM MEMORY. 
LARP 1 ; AR1 SHOULD POINT AT THE X VALUES. 
MAC OFFOOh,*-; P = (XO) (H2) 


7” =e 


~ 


MACD OFFOlh,*-; ACC = (XO) (H2) 

MACD OFFO2h,* ; ACC = (X0)(H2) + (X1)(H1) 

APAC > ACC = (XO) (H2) + (X1)(H1) + (X2) (HO) 
CNFD ; CONFIGURE BLOCK BO AS DATA MEMORY. 
RET ; RETURN TO MAIN PROGRAM. 


5.6.4 Multiplication 


Example 5-25 
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* 
* 
* 


The TMS320C2x hardware multiplier normally performs two’s-complement 
16-bit by 16-bit multiplies and produces a 32-bit result in one processor 
cycle. A single TMS320C25 instruction, MPYU, can be used to multiply 
two 16-bit unsigned numbers. To multiply two operands, one operand 
must be loaded into the T register (TR). The second operand is moved by 
the multiply instruction to the multiplier, which then produces the product 
in the P register (PR). Before another multiply can be performed, the con- 
tents of the PR must be moved to the accumulator. A single-multiply pro- 
gram is shown in Example 5-25. By pipelining multiplies and PR moves, 
most multiply operations can be performed with a single instruction. 


A common operation in DSP algorithms is the summation of products. The 
MAC instruction, normally performed in multiple cycles, adds the contents 
of the PR to the accumulator and then simultaneously reads two values and 
multiplies them. When using the MAC instruction, a data memory value is 
multiplied by a program memory value. One of the operands can come from 
block B1 or B2 in on-chip data memory while the other operand may come 
from block BO. Block BO must be configured as program memory when it 
supplies the second operand. Pipelining of the MAC instruction with a re- 
peat instruction results in an execution time for each succeeding multi- 
ply-and-accumulate operation of only one cycle. 


Multiply 


THIS ROUTINE MULTIPLIES TWO VALUES IN DATA MEMORY LOCATIONS 
200h AND 201h WITH THE RESULT STORED IN 202h AND 203h. 


MUL LRLK AR1,200h ; POINT AT BLOCK BO. 


LARP 1 

Jo ball ; GET FIRST VALUE AT 200h. 
MPY “e+ ; MULTIPLY BY VALUE AT 201h. 
PAC ; PUT RESULT IN ACCUMULATOR. 
SACL *+ ; STORE LOW WORD AT 202h. 
SACH * ; STORE HIGH WORD AT 203h. 
RET ; RETURN TO MAIN PROGRAM. 
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The pipelining of the MAC and MACD instructions incurs a certain amount 
of overhead in execution. In those cases where speed is more critical than 
program memory, it may be beneficial to use LTA or LTD and MPY in- 
structions rather than MAC or MACD. Example 5-26 and Example 5-27 show 
an implementation of multiply-accumulates using the MAC instruction. Ex- 
ample 5-28 shows an implementation of multiply-accumulates using the 
LTA-MPY instruction pair. Figure 5-3, Figure 5-4, and Figure 5-5 provide 
graphically the information necessary to determine the efficiency of use for 
each of the techniques. 


Example 5-26. Multiply-Accumulate Using the MAC Instruction (TMS32020) 


* CLOCK TOTAL CLOCK PROGRAM TOTAL PROGRAM 
* CYCLES CYCLES MEMORY MEMORY 
* 

LARP AR1 ; 1 1 

LRLK AR1,300h ; 2 2 

CNFP ; 1 1 

ZAC. ; 1 1 

MPYK 0 ae 1 

RPTK N-1 ; 1 1 

MAC OFFOOh,*+ ;2 + N 2 

APAC i 10 + N 1 10 


Example 5-27. Multiply-Accumulate Using the MAC Instruction (TMS320C25) 


= CLOCK TOTAL CLOCK PROGRAM TOTAL PROGRAM 
* CYCLES CYCLES MEMORY MEMORY 
* 

LARP ARI1 -. ak ‘f. 

LRLK AR1,300h ; 2 2 

CNFP - of 1 

ZAC » if 18 

MPYK 0O oo 1 

RPTK N-1 ae 1 

MAC OFFOOh,*¥+ ;3 + N 2 

APAC aa xe Oe cae i 10 


Example 5-28. Multiply-Accumulate Using the LTA-MPY Instruction Pair 


x CLOCK TOTAL CLOCK PROGRAM TOTAL PROGRAM 
x CYCLES CYCLES MEMORY MEMORY 
* 

ZAC a) ay 1 

‘LT pl . 1 

MPY Cl 2 4 1 

LTA D2 . 1 

MPY C2 i 1 

; 2N 2N 

LTA DN = of 1 

MPY CN st 1 

APAC - 2 + 2N 1 2 + 2N 
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EXECUTION IN CLOCK CYCLES 


“| @= MAC IMPLEMENTATION 
». | O= LTA-MPY IMPLEMENTATION 
" x= BREAK-EVEN POINT 


12 3 4 5 6 7 8 § 10 11 


NUMBER OF MULTIPLY-ACCUMULATES TO BE 
- -PERFORMED | 


Figure 5-3. Execution Time vs. Number of Multiply-Accumulates 
(TMS32020) | 


5-40 


Software Applications - Advanced Arithmetic Operations 


EXECUTION IN CLOCK CYCLES 


~ if 


“| @= MAC IMPLEMENTATION 
_.. | O= LTACMPY IMPLEMENTATION 
"x= BREAK-EVEN POINT 


1 2 3 4 5 6 7 8 9 10 11 


NUMBER OF MULTIPLY-ACCUMULATES TO BE 
PERFORMED 


Figure 5-4. Execution Time vs. Number of Multiply-Accumulates 
(TMS320C25) 
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PROGRAM MEMORY IN WORDS 


: @ = MAC IMPLEMENTATION 
"s+ > O = LTA-MPY IMPLEMENTATION 
: X = BREAK-EVEN POINT 


12 3 4 5 6 7 8 g 10 1 


NUMBER OF MULTIPLY-ACCUMULATES TO BE 
PERFORMED 


Figure 5-5. Program Memory vs. Number of 
| Multiply-Accumulates 


In numerical analysis, it is often necessary to square numbers along with 
adding or subtracting. The TMS320C2x has two instructions, SQRA and 
SQRS, that accomplish this in a single machine cycle. The result of the 
previous operation in the PR is first added to the accumulator if SQRA is 
used, or subtracted from the accumulator if SQRS is used. Then the data 
value addressed is squared, and the result is stored in the PR. Example 
5-29 uses the SQRA instruction to perform the computation. 
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Example 5-29. Using SQRA 
* THIS ROUTINE USES THE SQRA INSTRUCTION TO COMPUTE THE 
* SQUARE OF THE DISTANCE BETWEEN TWO POINTS WHERE D**2 
* IS DEFINED AS FOLLOWS: 
* 
* pD**2 = (XA - XB)**2 + (YA - YB)**2 

* 


DIST LAC XA 


SUB XB 
SACL XT ; XT = XA - XB 
* 
LAC YA 
SUB YB 
SACL YT ; YT = YA - YB 
* 
SQRA XT ; (P) = XT**2 
ZAC ; (Acc) = 0 
SQRA YT ; (P) = yT**2, (ACC) = XT**2 
APAC ; (ACC) = XT**2 + YT*¥*2 = D**2 
* 


RET ; RETURN TO MAIN PROGRAM. 


When performing multiply-and-accumulate operations, it may be desirable to 
shift the product before adding it to the accumulator. This can be accom- 
plished simultaneously with the MAC instruction by using the product shift 
mode on the TMS320C25. This mode, controlled by two bits in the PM field 
of status register ST1, shifts the value from the PR while it is transferred to the 
accumulator. The contents of the PR are not shifted. 


5.6.5 Division 


Division is implemented on the TMS320C2x by repeated subtractions using 
SUBC, a special conditional subtract instruction. Given a 16-bit positive div- 
idend and divisor, the repetition of the SUBC command 16 times produces a 
16-bit quotient in the low accumulator and a 16-bit remainder in the high 
accumulator. | 


SUBC implements binary division in the same manner as is commonly done 
in long division. The dividend is shifted until subtracting the divisor no longer 
produces a negative result. For each subtract that does not produce a negative 
answer, a one is put in the LSB of the quotient and then shifted. The shifting 
of the remainder and quotient after each subtract produces the separation of 
the quotient and remainder in the low and high halves of the accumulator. 


There are similarities between long division and the SUBC method of division. 
Both methods are used to divide 33 by 5. 
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LONG DIVISION: 
00000000000001 10 Quotient 
0000000000000101 )0000000000T0000T 
-101_ 
110 
104 
11 Remainder 
SUBC METHOD: 
es HIGH ACC | | LOW ACC | COMMENT 
0000000000000000 0000000000100001 (1) Dividend is loaded into ACC. The 
~10 1000000000000000 divisor is left-shifted 15 and sub- 
—-70 0471411111011111 tracted from ACC. The subtraction 
is negative, so discard the result 
| | and shift left the ACC one bit. 
oooooo00000a000e 0000000001000010 (2) 2nd subtract produces negative 
-~10 1000000000000000 answer, so discard result and shift 
“IO OTTT1711110111710° ACC (dividend) left. 
e @ 
e td] 
e e 
[ | | | . | 
0000000000000100 00710000000000000 (14) 14th SUBC command. The result 
| ~10 1000000000000000 is positive. Shift result left and 
000000000000000T 1010000000000000 replace LSB with ‘1. 
Ks bait. cd 
0000000000000011 0100000000000001 (15) Result is again positive. Shift 
-10 1000000000000000 result left and replace LSB with '1’. 
ooooo00dco00as0d §=1100000000000001 
| | | | | 
0000000000000001 1000000000000011 (16) Last subtract. Negative answer, so 
__ 710 1000000000000000 - discard result and shift ACC left. 
TTT TTT TTT TTT TOT 


00000000000000141 0000000000000110 


[REMAINDER | [QUOTIENT | 


Answer reached after 16 SUBC 
instructions. 


The condition of the divisor, less than the shifted dividend, is determined by 
the sign of the result, both the dividend and divisor must be positive when 
using the SUBC command. Thus, the sign of the quotient must be determined 
and the quotient computed using the absolute value of the dividend and di- 
visor. 


Integer and fractional division can be implemented with the SUBC instruction 
as shown in Example 5-30 and Example 5-31, respectively. When imple- 
menting a divide algorithm, it is important to know if the quotient can be 
represented as a fraction and the degree of accuracy to which the quotient is 
to be computed. For integer division, the absolute value of the numerator must 
be greater than the absolute value of the denominator. For fractional division, 
the absolute value of the numerator must be less than the absolute value of 
the denominator. . 
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Example 5-30. Using SUBC for Integer Division 


* 
DN1 


LT 
MPY 
PAC 
SACH 
LAC 
ABS 
SACL 
LAC 
ABS 


* THIS ROUTINE IMPLEMENTS INTEGER DIVISION. 


NUMERA ; GET SIGN OF QUOTIENT. 


DENOM 

TEMSGN ; SAVE SIGN OF QUOTIENT. 
DENOM 

DENOM ; MAKE DENOMINATOR POSITIVE. 


NUMERA ; ALIGN NUMERATOR. 


* IF DIVISOR AND DIVIDEND ARE ALIGNED, DIVISION CAN START 


* HERE. 


* 


DONE 


RPTK 
SUBC 
SACL 
LAC 
BGEZ 
ZAC 
SUB 
SACL 
LAC 
RET 


15 
DENOM 
QUOT 
TEMSGN 
DONE ; DONE IF SIGN IS POSITIVE. 


16-CYCLE DIVIDE LOOP. 


=e 


QUOT 
QUOT ; NEGATE QUOTIENT IF NEGATIVE. 
QUOT 

RETURN TO MAIN PROGRAM. 


=e 


Example 5-31. Using SUBC for Fractional Division 


* THIS ROUTINE IMPLEMENTS FRACTIONAL DIVISION. 


* 
DN1 


+ + F 


DONE 


5T 
MPY 
PAC 
SACH 
LAC 
ABS 
SACL 
ZALH 
ABS 


RPTK 
SUBC 
SACL 
LAC 
BGEZ 
ZAC 
SUB 
SACL 
LAC 
RET 


NUMERA ; GET SIGN OF QUOTIENT. 
DENOM 

TEMSGN ; SAVE SIGN OF QUOTIENT. 
DENOM 

DENOM ; MAKE DENOMINATOR POSITIVE. 
NUMERA ; ALIGN NUMERATOR. 


IF DIVISOR AND DIVIDEND ARE ALIGNED, DIVISION CAN START 
HERE. 


14 
DENOM ; 15-CYCLE DIVIDE LOOP. 
QUOT | 

TEMSGN 

DONE ; DONE IF SIGN IS POSITIVE. 


QUOT 
QUOT ; NEGATE QUOTIENT IF NEGATIVE. 
QUOT 

; RETURN TO MAIN PROGRAM. 
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5.6.6 Floating-Point Arithmetic 
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Floating-point numbers are often represented on microprocessors in a two- 
word format of mantissa and exponent. The mantissa is stored in one word. 
The exponent, the second word, indicates how many bit positions from the left 
the decimal point is located. If the mantissa is 16 bits, a 4-bit exponent is 
sufficient to express the location of the decimal point. Because of its 16-bit 
word size, the 16/4-bit floating-point format functions most efficiently on the 
TMS320C2x. The theory and implementation of floating-point arithmetic has 
been presented in an application report in the book, Digital Signal Processing 
Applications with the TMS320 Family (literature number SPRAO12A). 


Operations in the TMS320C2x central ALU are performed in two’s- 
complement fixed-point notation. To implement floating-point arithmetic, 
operands must be converted to fixed point for arithmetic operations, and then 
converted back to floating point. 


Conversion to floating-point notation is performed by normalizing the input 
data, i.e., shifting the MSB of the data word into the MSB of the internal 
memory word. The exponent word then indicates how many shifts are re- 
quired. To multiply two floating-point numbers, the mantissas are multiplied 
and the exponents added. The resulting mantissa must be renormalized; since 
the input operands are normalized, no more than one left shift is required to 
renormalize the result. 


Floating-point addition or subtraction requires shifting the mantissa so that — 


the exponents of the two operands match. The difference between the expo- 
nents is used to left-shift the lower power operand before adding. Then, the 
output of the add must be renormalized. 


TMS320C2x instructions useful in floating-point operations are the NORM, 
LACT, ADDT, and SUBT instructions. NORM may be used to convert fixed- 
point numbers to floating-point. LACT may be used to convert back to 
fixed-point numbers. Addition and subtraction can be computed in floating 
point using ADDT and SUBT. 


Example 5-32 and Example 5-33 perform a floating-point multiply on the 
TMS32020 and TMS320C25, respectively. The mantissas are assumed to be 
in O15 format. Q15, one of the various types of Q format, is a number repre- 
sentation commonly used when performing operations on non-integer num- 
bers. In Q format, the Q number (15 in Q15) denotes how many digits are 
located to the right of the binary point. A 16-bit number in Q15 format, 
therefore, has an assumed binary point immediately to the right of the most 
significant bit. Since the most significant bit constitutes the sign of the num- 
ber, the numbers in Q15 may take on values from +1 (represented by 
+0.99997...) to -1. 
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Example 5-32. Using NORM for Floating-Point Multiply (TMS32020) 


* THIS SUBROUTINE PERFORMS A FLOATING-POINT MULTIPLY USING 
* THE NORM INSTRUCTION. THE INPUTS AND OUTPUTS ARE OF THE 
* FORM: 
x 
- C= MC * 2548C 
x 
* SINCE THE MANTISSAS, MA AND MB, ARE NORMALIZED, MC CAN BE 
* NORMALIZED WITH A LEFT SHIFT OF EITHER O OR 1 IN THE 
* ACCUMULATOR. THE EXPONENT OF THE RESULT IS ADJUSTED 
* APPROPRIATELY. FOR EXAMPLE, MULTIPLICATION OF THE TWO 
* NUMBERS A AND B, WHERE A = 0.1 * 2**2 AND B = 0.1 * 2**4, 
* PROCEEDS AS FOLLOWS: 
* 
+ Lye ® Be 0201 2446 
* 2) A* B= 0.1 * 2**5 (NORMALIZED RESULT) 
* 
MULT LAC EA 
ADD EB ; EC = EXPONENT OF RESULT BEFORE 
SACL EC ; NORMALIZATION. 
LT MA 
MPY MB 
PAC ; (ACC) = MA * MB 
* 
SFL ; TAKES CARE OF REDUNDANT SIGN BIT. 
LARP ARO 
LAR ARO,0O ; ARO IS INITIALIZED TO O. 
* 
NORM ; FINDS MSB AND MODIFIES ARO. 
x 
SACH MC ; MC = MA * MB (NORMALIZED) 
SAR ARO,TMP 
LAC EC 
SUB TMP 
SACL EC 
RET ; RETURN TO MAIN PROGRAM. 
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Example 5-33. Using NORM for Floating-Point Multiply (TMS320C25) 


* THIS SUBROUTINE PERFORMS A FLOATING-POINT MULTIPLY USING 
* THE NORM INSTRUCTION. THE INPUTS AND OUTPUTS ARE OF THE 
* PORM: 
* 
* C = MC * 2**EC 
* 
* SINCE THE MANTISSAS, MA AND MB, ARE NORMALIZED, MC CAN BE 
* NORMALIZED WITH A LEFT SHIFT OF EITHER O OR 1 IN THE 
* ACCUMULATOR. THE EXPONENT OF THE RESULT IS ADJUSTED 
* APPROPRIATELY. FOR EXAMPLE, MULTIPLICATION OF THE TWO 
* NUMBERS A AND B, WHERE A = 0.1 * 2**2 AND B = 0.1 * 2**4, 
* PROCEEDS AS FOLLOWS: 
* 
* 1) A* B= 0.0L * 2**6 
* 2) A* B= O.LL * 2**5 (NORMALIZED RESULT) 
* 
MULT LAC EA | 
ADD EB ; EC = EXPONENT OF RESULT BEFORE 
SACL EC ; NORMALIZATION. 
LT MA 
MPY MB 
PAC + (ACC) = MA * MB 
* R 
SFL | ; TAKES CARE OF REDUNDANT SIGN BIT. 
LARP ARS5 
LAR AR5,EC > AR5 IS INITIALIZED WITH EC. 
" 
NORM *- ; FINDS MSB AND MODIFIES ARS. 
* 
SACH MC ; MC = MA * MB (NORMALIZED) 
SAR AR5,EC 
RET ; RETURN TO MAIN PROGRAM. 
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Floating-point implementation programs often require denormalization as well 


as normalization to return results in a 16-bit format. 


Example 5-34 and Ex- 


ample 5-35 are tailored for denormalizing numbers that were normalized using 
the NORM instruction. This program assumes that the mantissa is in the ac- 
cumulator and the exponent is in an auxiliary register, which is the format of 
the NORM instruction after execution. 


Example 5-34. Using LACT for Denormalization (TM$S32020) 


et + & + 


DENORM LARP 
LRLK 
SAR 


SACH 
* 


1 
AR1,200h 
ARO, *+ 
Ka 


° 
f 


i 


USE AR1 TO POINT AT BLOCK BO. 


STORE EXPONENT AT 200h. 
STORE MANTISSA AT 201h. 


THIS ROUTINE DENORMALIZES NUMBERS NORMALIZED BY THE NORM 
INSTRUCTION. THE DENORMALIZED NUMBER WILL BE IN THE 
ACCUMULATOR. 


* SUBTRACT EXPONENT FROM 16 TO DETERMINE THE NUMBER OF SHIFTS 
* REQUIRED TO DENORMALIZE. 


* 


LAC 
BZ 
LACK 
SUB 
SACL 
LT 
LACT 
RET 
OUT MAR 
ZALH 
RET 


* 


OUT 
10h 


* 
* 
* + 
* 


*y 


e 
, 


at i i LL) 


LOAD ACCUMULATOR WITH EXPONENT. 
CHECK FOR ZERO EXPONENT. 


DENORMALIZE NUMBER. 

RETURN TO MAIN PROGRAM. 

POINT TO MANTISSA. 

LOAD ACCUMULATOR WITH RESULT. 
RETURN TO MAIN PROGRAM. 


Example 5-35. Using LACT for Denormalization (TMS320C25) 


* THIS ROUTINE DENORMALIZES NUMBERS NORMALIZED BY THE NORM 


* INSTRUCTION (NORM *-). 


* THE ACCUMULATOR. 


* 


DENORM LARP 
LRLK 
SAR 
SACH 


LAC 
BZ 
LT 
LACT 
RET 
OUT MAR 
ZALH 
RET 


i 
AR1,200h 
AR4,*+ 


* 


7 


a et i nT) 


USE AR1 TO POINT AT BLOCK BO. 


STORE EXPONENT AT 200h. 
STORE MANTISSA AT 201h. 


LOAD ACCUMULATOR WITH EXPONENT. 


CHECK FOR ZERO EXPONENT. 


DENORMALIZE NUMBER. 

RETURN TO MAIN PROGRAM. 

POINT TO MANTISSA. 

LOAD ACCUMULATOR WITH RESULT. 
RETURN TO MAIN PROGRAM. 


THE DENORMALIZED NUMBER WILL BE IN 
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5.6.7 Indexed Addressing 


Example 5-36. 


The Auxiliary Register Arithmetic Unit (ARAU) allows the next indirect ad- 
dress to be calculated using increment/decrement calculations or indexed 
addressing in parallel to,the current arithmetic operation. For example, in 
the multiplication of two matrices, the operation requires addressing across 
the rows (incrementing the address by one) or down the columns (incre- 
menting by n). Example 5-36 gives the code for multiplying a row times a 
column of two 10 x 10 matrices. The first matrix resides in data RAM block 
Bi, and the second matrix resides in block BO. 


Row Times Column 


LARK 0,OAh SET INDEX TO 10. 
1 


7 
LARP ; USE AR1 FOR ADDRESSING THE COLUMN. 
LRLK 1,300h ; POINT AR1 TO THE START OF BLOCK Bl. 
CNFP ; SET BO TO PROG ADDRESS FOR PIPELINE. 
ZAC ; INITIALIZE THE ACCUMULATOR. 
MPYK O ; CLEAR THE PRODUCT REGISTER. 
RPTK 9 ; REPEAT 10 TIMES AS MATRIX DIMENSION. 
MAC OFFOOh,*0+; MULTIPLY ROW TIMES COLUMN. 
APAC ; EXECUTE FINAL ACCUMULATION. 

td 


ACCUMULATOR CONTAINS PRODUCT. 


The algorithm in Example 5-36 executes in 22 machine cycles. The key to 
this performance is the parallel addressing of both multiplicands simul- 
taneously. The operation is made possible by the use of the data bus to 
fetch one multiplicand and the program bus to fetch the other. The auxiliary 
register indexes down the column of one matrix while the PC generates 
incremental addressing of each row of the other matrix. Each cycle of the 
repeat loop performs the following operations: 


1) | Accumulates the previous product, 

2)  Muitiplies the row element times the column element, 
3) Increments the row address, and 

4) Indexes the column address. 


5.6.8 Extended-Precision Arithmetic 
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Numerical analysis, floating-point computations, or other operations may 
require arithmetic to be executed with more than 32 bits of precision. Since 
the TMS320C2x are 16/32-bit fixed-point processors, software is required 
for the extended-precision of arithmetic operations. Subroutines that per- 
form the extended-arithmetic functions for both the TMS32020 and 
TMS320C25 are provided in the examples of this section. The technique 
consists of performing the arithmetic by parts, similar to the way in which 
longhand arithmetic is done. 


The TMS320C25 has two features that help to make extended-precision 
calculations more efficient. One of the features is the carry status bit. This 
bit is affected by all arithmetic operations of the accumulator (ABS, ADD, 
ADDC, ADDH, ADDK, ADDS, ADDT, ADLK, APAC, LTA, LTD, LTS, MAC, 
MACD, MPYA, MPYS, NEG, SBLK, SPAC, SQRA, SQRS, SUB, SUBB, 
SUBC, SUBH, SUBK, SUBS, and SUBT). The carry bit is also affected by 
the rotate and shift accumulator instructions (ROL, ROR, SFL, and SFR) 
or may be explicitly modified by the load status register ST1 (LST1), reset 
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(SC) instructions. For proper operation, the overflow mode bit should be reset 
(OVM = Q) so that the accumulator results will not be loaded with the satu- 
ration value. Note that this means that some additional code may be required 
if overflow of the most significant portion of the result is expected. 


The carry bit is set whenever the addition of a value from the input scaling | 
shifter or the P register to the accumulator contents generates a carry out of 
bit 31. Otherwise, the carry bit is reset since the carry out of bit 31 is a zero. 
One exception to this case is the ADDH instruction which can only set the 
carry bit. This allows the accumulation to generate the proper single carry 
when either the addition to the lower or upper half of the accumulator actually 
causes the carry. The following examples help to demonstrate the significance 
of the carry bit on the TMS320C25 for additions: 


C MSB LSB C MSB_ LSB 
X FFFF FFFF acc Xx FRFFF FFFF Acc 
+ 1 +F FFF FREE 
10000 0000 41 FPRERFEF FRFFE 
X TJFFF FFFF acc Xx YFFF FFFFE acc 
+ 1 +P PPE FFEFE 
8000 0000 1 7FFF FFFE 
Xx 8000 0000 acc Xx 8000 0000 acc 
+ 1 7 +F FFF FEEE 
8000 000 1 FE Pe Eee 
10000 0000 acc 1 FRFFF FFFE ACC 
+ 0 (ADDC) + O (ADDC) 
0 60000 0001 10000 0000 
1 8000 FFFF acc 41 8000 FFFF acc 
+0000 0000 (ADDH) - +7 FFF 0000 (ADDH) 
1 BO0O00 FFFF 1 FREPFF FFFFE 


Example 5-37 shows an implementation of two 64-bit numbers added to each 
other to obtain a 64-bit result. This example, which adds 16-bit parts and 
generates a carry (C) bit in the accumulator, will run on the TMS32020. 
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Example 5-37. 64-Bit Addition (TMS32020) 


* TWO 64-BIT NUMBERS ARE ADDED TO EACH OTHER PRODUCING A 
* 64-BIT RESULT. THE NUMBERS X (X3,X2,X1,X0) AND Y 


* (Y¥3,¥2,Y1,YO) ARE ADDED RESULTING IN W (W3,W2,W1,WO). 
+ 


* X3 X2 X1 xO 

* + ¥3 Y2 ¥1 YO 

* i es ane ee a 

x W3 W2 W1 WO 

* 

ADD64 ZALS XO ; ACC = 00 xO 
ADDS YO ; ACC = 00 XO + 00 YO = C WO 
SACL wo 


SACH CARRY 


LAC CARRY ; ACC = 00 C 

ADDS X1 ; ACC = 00 C + OO X1 

ADDS Y1 ; ACC = 00 C + 00 X1 + OO Y1 =C WI 
SACL. Wl 

SACH CARRY 

LAC CARRY ; ACC = 00 C 

ADDS X2 ; ACC = 00 C + OO XK2 

ADDS Y2 ; ACC = 00 C + OO Y2 + 00 Y2 = C W2 
SACH CARRY 

LAC CARRY ; ACC = 00 C- 

ADDS X3 ; ACC = 00 C + OO X3 

ADDS Y3 ; ACC = 00 C + OO XK3 + 00 Y3 = C W3 
SACL W3 

RET 


Example 5-38 performs the same addition as Example 5-37 but is specific to 
both the TMS320C25 and TMS320E25. This implementation makes use of 
the carry (C) status bit, adding 32-bit parts. 


Example 5-38. 64-Bit Addition (TMS320C25) 


“* TWO 64-BIT NUMBERS ARE ADDED TO EACH OTHER PRODUCING A 
* 64-BIT RESULT. THE NUMBERS X (X3,X2,X1,X0) AND Y 


* (Y¥3,Y¥2,Y1,Y0O) ARE ADDED RESULTING IN W (W3,W2,W1,W0O). 
* 


* X3 X2 X1 XO 
x + Y¥3 ¥2 ¥1 YO 
Kai i ni ea a i aa ut 
W3 W2 W1 WO 
* 
ADD64 ZALH X1 RCO =: x1) 00 
ADDS XO ; ACC = X1 xO 
ADDS YO ; ACC = Xl XO + 00 YO 
ADDH Yl ; ACC = X1 XO + Y1 YO = W1 wo 
SACL WO 
SACH Wl 
ZALH X3 7 ACC = x3" 00 
ADDC X2 ACC = X3 X24 
ADDS Y2 ; ACC = X3 X2 + 00 Y2 +C 
ADDH Y3 ; ACC = X3 X2 + Y3 Y2 + C = W3 W2 
SACL W2 
SACH W3 
RET 
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In a similar way to addition, the carry bit on the TMS320C25 is reset whenever 
the input scaling shifter or the P-register value subtracted from the accu- 
mulator contents generates a borrow into bit 31. 
set since no borrow into bit 31 is required. One exception to this case is the 
SUBH instruction which can only reset the carry bit. This allows the gener- 
ation of the proper single carry when either the subtraction from the lower or 
upper half of the accumulator actually causes the borrow. The following ex- 
amples help to demonstrate the significance of the carry bit for subtractions: 


Cc MSB 
x 00 
o FF 
X 7F 
1 TE 
xX 80 
1 70E 
0 
FF 
0 80 
-9 0 
0 7 


THO © 
N+ © 


THO TN 
HOT 


LSB 


F F 


HON 
NO TN 


00 ACC 
1 


F ACC 


Nia © mj — 


TWO © 


ACC 


ACC 
(SUBB) 


ACC 
(SUBH) 


MSB 


ormn 
omn 
orm 


oor co 
orm & 
ormo 
oro 


oo} "TI Oo 


ono 
OT Oo 


Ctherwise, the carry bit ts 


orm oO 
(oo) MIke) 


om 


orm oe 
orm o 


ono omnn 
orm 7 


HO TN 
yO TN 


LSB 


orn © 
=IT11O 


om 
olin Tg 


THO TN 
THO TN 


mom 


ACC 


ACC 


ACC 


ACC 


(SUBB) 


ACC 
(SUBH) 


Example 5-39 implements the subtraction of two 64-bit numbers on the 
TMS32020. A borrow (B) is generated within the accumulator for each of the 


16-bit parts of the subtraction operation. 
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Example 5-39. 64-Bit Subtraction (TMS32020) 


* TWO 64-BIT NUMBERS ARE SUBTRACTED, PRODUCING A 64-BIT 
* RESULT. THE NUMBER Y (Y3,Y¥2,Y¥1,Y0) IS SUBTRACTED FROM 
* X (X3,X2,X1,X0) RESULTING IN W (W3,W2,W1,W0O). 


X3 X2 X1 XO 
NSA Le: wk LO 


ee ee He 


OO XO 
00 XO - 00 YO = B WO 


SUB64 ZALS XO ; ACC 
SUBS YO ; ACC 


i 


LAC BORROW ; ACC = B 

ADDS Xl ; ACC = B + OO X1 

SUBS YI ; ACC = B + 0O X1 - OO Yl = BWI 
SACL Wl 


LAC BORROW ; ACC = B 

ADDS X2 ; ACC = B + OO X2 

SUBS Y2 , ACC = B + 00 X2 - 00 ¥2 = B W2 
SACL W2 | 


LAC BORROW ; ACC = B 

ADDS X3 ; ACC = B + OO X3 

SUBS Y3 ; ACC = B + 00 X3 - 00 Y¥3 = B W3 
SACL W3 

RET 


The advantage of using the carry (C) status bit on the TMS320C25 in imple- 
menting the same subtraction as Example 5-39 is shown in the coding of Ex- 
ample 5-40. | : | | : 


Example 5-40. 64-Bit Subtraction (TMS320C25) 
| * TWO 64-BIT NUMBERS ARE SUBTRACTED, PRODUCING A 64-BIT 


* RESULT. THE NUMBER Y (Y3,Y2,Y1,Y0O) IS SUBTRACTED FROM 
* X (X3,X2,X1,X0) RESULTING IN W (W3,W2,W1,W0O). 


* 
* X3 X2 X1 XO 
* - Y¥3 ¥2 Y1 YO 
Rt a, i i: i ee 
* W3 W2 W1 wo 
* 
SUB64 ZALH Xl ; ACC = X1 00 
ADDS XO ; ACC = X1 xO 
SUBS YO ; ACC = X1 XO - 00 YO 
SUBH Y1 ; ACC = X1 XO - Y1 YO = W1 WO 
SACL WO 
SACH W1 
ZALS X2 5. ACC = 00 x2 
SUBB Y2 ; ACC = 00 X2 - 00 Y2 - Cc 
ADDH X3 ; ACC = X3 X2 - 00 Y2 -C 
SUBH Y3 ; ACC = X3 X2 - Y3 Y2 - C = W3 W2 
SACL W2 
SACH W3 
RET 
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The second feature of the TMS320C25 aiding in extended-precision cal- 
culations is the MPYU (unsigned multiply) instruction. The MPYU in- 
struction allows two unsigned 16-bit numbers to be multiplied and the 
32-bit result placed in the product register in a single cycle. Efficiency is 
gained by the ability to generate partial products from the 16-bit portions 
of a 32-bit or larger value instead of having to split the value into 15-bit or 
smaller parts. : 


Example 5-41 and Example 5-42 show implementations of multiplying two 
32-bit numbers to obtain a 64-bit result. The coding of Example 5-41 will 
perform the 32-bit multiply on a TMS32020. The advantage in using the 
MPYU instruction can be observed in Example 5-42, which will execute 
on the TMS320C25. 
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Example 5-41. 32 x 32-Bit Multiplication (TMS32020) 


* TWO 32-BIT NUMBERS ARE MULTIPLIED, PRODUCING A 64-BIT RESULT. 
* THE NUMBERS X (X1,X0) AND Y (Y1,YO) ARE MULTIPLIED RESULTING 
IN W (W3,W2,W1,WO). 


+ > 


W3 W2 Wil WO 


THE PROCEDURE FOR MULTIPLICATION IS TO SEPARATE THE 32-BIT | 
MAGNITUDE VALUES OF X AND Y INTO THREE PARTS OF 2, 15, AND 15 
BITS EACH. THE MULTIPLICATION BY PARTS THEN PRODUCES A 5-PART 
RESULT OF 3, 15, 15, 15, AND 15 BITS, WHICH ARE RECOMBINED 
INTO FOUR DATA WORDS OF 16 BITS EACH. 


-X2 X1 xO 
Xx Y2 Y1 YO 


W4 W3 W2 W1 WO 


DETERMINE THE SIGN OF THE PRODUCT. 


e+ + He eH He + HF He H+ HF FH FH HHH He HF HF HH HHH He HF H+ HH KH 


MPY32 ZALS X1 ; ACCL = SXXX XXXX XXXX XXXX 
XOR Yl } ACCL = S--- ---- ---- ---- 
SACH SIGN,1 ; SAVE THE PRODUCT SIGN 0=+, l=-. 


k 
* TAKE THE ABSOLUTE VALUE OF BOTH X AND Y AND REPARTITION. 
* 


ABSX ZALH X1 e ACC. 31. 0 
ADDS XO ; ACC = X1 XO 
ABS 
SACH X1,1 ; SAVE |X2X1]|. 
AND M7FFF 
SACL XO ; SAVE |XO}. 
ZALS X1 
SACH X2,1 ; SAVE [|X2|. 
AND M7EFFF 
SACL X1 ; SAVE |X1]. 
ABSY ZALH Y1. ; ACC = YL 00 
ADDS YO ; ACC = Y1 YO 
ABS 
SACH Y1,1 ; SAVE |Y2Y1}. 
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AND M7FFF 


SACL YO ; SAVE |YO}. 
ZALS Y1 

SACH Y2,1 ; SAVE |Y2]|. 
AND M7FFF 

SACL Y1 ; SAVE |Y1]. 


* 


* MULTIPLY |X| AND |Y| TO PRODUCE |W|. 
* 


MULT LAC X2 "AND! FUNCTION IS A 1-BIT BY 


AND Y2 ; 1-BIT MULTIPLICATION. 
SACL Ww4 ; SAVE PARTIAL |W4|. 
LT xo ; T = xo 
MPY YO ; T = XO, P = XO*YO 
PAC WO ; T = XO, P = XO*YO, ACC = XO*YO 
SACH W1,1l -; SAVE PARTIAL |W1]|. 
AND M7FFF 
SACL WO ; SAVE |WO]. 
ZALS Wil ; T = XO, P = XO*YO 

* ; ACC = XO*YO*2**-16 
MPY Yl ; T = XO, P = XO*Y1 

* ; ACC = XO*YO*2**-16 
LTA XL ; T = X1, P = xO*Y1 

* > ACC = XO*Y1 + XO*YO*2**-16 
MPY YO ; T = Xl, P = X1*YO 

* > ACC = XO*Y1 + XO*YO*2**-16 
LTA xO ; T = XO, P = X1*Y0 

* > ACC = X1*YO + XO*Y1 + XO*YO*2**-16 
SACH W2,1 ; SAVE PARTIAL |W2|. 
AND M7FFF 
SACL W1 ; SAVE |W1]. 
ZALS W2 ; T = XO, P = X1¥*YO 

* ; ACC = (X1*YO+XO*Y1) *2**-16 
MPY Y2 ; T = XO, P = XO*Y2 

* ; ACC = (X1*YO+XO*Y1) *2**-16 
LTA Xl ; T = X1, P = XO*Y2 

* ; ACC = XO*Y2 + (X1*YO+XO*Y1)*2**-16 
MPY Yl ; T = X1, P = X1*Y1 

* > ACC = XO*Y2 + (X1*YO+XO*Y1) *2**-16 
LTA X2 7 P= ¥2, P = X1*v1 

* ; ACC = X1*Y¥1 + XO*Y2 + (X1*YO+XO*YV1) *2**-16 
MPY YO ; T = X2, P = X2*YO 

* > ACC = X1*Y¥1 + XO*Y2 + (X1L*YO+XO¥*Y1) *2**-16 
LTA Xl ; T = X1, P = X2*YO 

* ; ACC = X2*Y¥O + X1*Y1 +X0O*Y2 

* ; + (X1L*YO+XO*Y1) *2**-16 
SACH W3,1 ; SAVE PARTIAL |W3]. 
AND M7FFF | 
SACL W2 + ; SAVE |W2]. 
ZALS W3 ; T = X1, P = X2*YO 

* ; ACC = (X2*YO+X1*Y1+X0*Y2) *2**-16 
MPY Y2 ; T = X1, P = X1¥*Y2 

* ; ACC = (X2*YO+X1*Y1+X0*Y2) *2**-16 
LTA X2 ; T = X2, P = X1*Y2 

* ; ACC = X1*¥2 + (X2*YO+X1*Y1+X0*Y2) *2**-16 
MPY Yl ; T = X2, P = X2¥*Y1 

* ; ACC = X1*Y¥2 + (X2*YO+X1*Y1+X0*Y2) *2**-16 
APAC > ACC = X2*Y1l + X1*Y2 

* . ; + (X2*YO+X1*Y1+X0O*Y2) *2**-16 
ADD W4,15 ; ACC = X2*Y¥2*2**15 + X2*Y1 + X1*Y2 


f Ke 2e LOLS VIER OSY 2) #22 ta 16 
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SACH 
AND 
SACL 


* RECOMBINE 
* 
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ZAC 
SUB 
SACL 


LAC 
ADD 
ADD 
XOR 
SACL 
SACH 
LAC 
ADD 
XOR 
SACL 
SACH 
LAC 
ADD 
XOR 
SACL 
SACH 
LAC 
ADD 
XOR 


SACI: 


RET 


W4,1 


M7FFF 


W3 


rf 


. 
lA 


; SAVE |W4|. 


SAVE |{W3]|. 


W AND GENERATE TWO'S-COMPLEMENT RESULT. 


SIGN 
SIGN, 


W1,15 
WO 


» 
’ 


ue “we “Ne we Me NS NR Uw NF NE WF OF MSE UNS UNF Ne NE 


SIGN O=+, -1l=-. 


ACC 
ACC 


\W1 OO| 
|w1 wO| 


COMPLEMENT WO WHEN SIGN = -1. 
SAVE WO. 

SAVE PARTIAL |W1]. 

ACC = |W2 00| 

ACC = |W2 W1| 
COMPLEMENT W1 WHEN SIGN 
SAVE Wl. 

SAVE PARTIAL |W2]|. 

ACC = |W3 OO| 

ACC = |W3 W2| 
COMPLEMENT W2 WHEN SIGN = -l. 
SAVE W2. 

SAVE PARTIAL |W3]. 

ACC = |W4 OO] 


I 
I 
rm 


ACC = |W4 W3] 


COMPLEMENT W3 WHEN SIGN = -l. 
SAVE W3. 
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Example 5-42. 32 x 32-Bit Multiplication (TMS320C25) 
* TWO 32-BIT NUMBERS ARE MULTIPLIED, PRODUCING A 64-BIT 


* RESULT. THE NUMBERS X (X1,X0) 


* MULTIPLIED RESULTING IN W 


* 


+ te He +H + He HF HF + 


MPY32 ZALS 
XOR 


SACH SIGN,1 


* 


* TAKE THE ABSOLUTE 
* 


' ABSX ZALH 
ADDS 
ABS 
SACH 
SACL 

ABSY ZALH 
ADDS 
ABS 
SACH 


SACL 
* 


W3 W2 W1 WO 


X1 
Yd. 


X1 
XO 


X1 
XO 
Y1 
YO 


YL 
YO 


* MULTIPLY |X| AND 
* 


MULT LT 
MPYU 
SPL 
SPH 
MPYU 
LTP 
MPYU 
ADDS 


MPYA 


SACL 
SACH 
ZALS 


BNC 
ADDH 
SUM APAC 
SACL 
SACH 


XO 
YO 
W1 
WO 
Yi 
X1 
YO 
Wl 


py 
Wi 
W2 
W2 


SUM 


ONE 


W2 
W3 


° 
, 
e 
7 
e 
tf 


ACCL 
ACCL 


AND Y (Y¥1,Y0O) ARE 


(W3,W2,W1,WO). 


SXXX 
S--- 


DETERMINE THE SIGN OF THE PRODUCT. 


XXXX XXXX XXXX 


SAVE THE PRODUCT SIGN O=+, 1=-. 


VALUE OF BOTH X AND Y. 


“we “Ne owe we 


|¥| 


ACC = X1 00 
ACC = xX1 x0 
SAVE |X1]. 
SAVE |XO}. 
ACC.= F100 
acc = Yl XO 
SAVE |Y1]. 
SAVE |YO]. 
TO PRODUCE 
T = XO 
T = XO, P = 
SAVE |WO]|. 
SAVE PARTIA 
T = XO, P = 
T= Xl, P = 
T= Xl, P= 
T = Xl, P = 
ACC = XO*Y1 
(= X¥1, P = 
ACC = X1*YO 
SAVE |W1]|. 
SAVE PARTIAL 
P = X1*Y1, 
ACC 
ACC 
SAVE |W2]. 
SAVE |W3]|. 


|W]. 


XO*YO 


\wi|. 
XO*Y1 

XO*Y1, ACC = xO*Y1 
X1*YO, ACC = XO*Y1 
X1*YO, 

+ XO*YO*2**-16 

X1*Y1, 

+ XO¥YL + XO*YO*2**-16 


\W2|. 


= (KIL * YO: 4 XOFY LIF 2* S16 
TEST FOR CARRY FROM W2. 


= X1*Y1 + (X1*YO + XO*Y1)*2**-16 


5-59 


Software Applications - Advanced Arithmetic Operations 


5-60 


* 


* 


DONE 


LAC 
BZ 


ZALH 
ADDS 
CMPL 
ADD 

SACL 
SACH 
ZALS 
ADDH 
CMPL 
ADDC 
SACL 
SACH 
RET 


SIGN 
DONE 


W1 
wO 


ONE 
wO 
Wi 
W2 
W3 


ZERO 
W2 
W3 


7 


* TEST THE SIGN OF THE PRODUCT; NEGATE IF NEGATIVE. 


RETURN IF POSITIVE. 


Acc = |W1 00] 
Acc = |Wl wO| 

ACC = Wl WO AND CARRY GENERATION 
SAVE WO. 

SAVE Wl. 

AcC = |00 W2} 

ACC = |W3 W2| 

ACC = W3 W2 

SAVE W2. 

SAVE W3. 
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5.7 Application-Oriented Operations 


The TMS320C2x has been designed to provide efficient implementations of 
many common digital signal processing algorithms. The architecture sup- 
porting these design features was discussed in Section 3. In general, the fea- 
tures provide efficient solutions to numerically intensive problems usually 
characterized by multiply/accumulates. Some device-specific features that aid 
in the implementation of specific algorithms include companding, filtering, 
Fast Fourier Transforms (FFT), and P!ID control. These applications require I/O 
performed either in parallel or serial. Hardware requirements for |/O are dis- 
cussed in Sections 3 and 6. 


5.7.1 Companding 


In the area of telecommunications, one of the primary concerns is the I/O 
bandwidth in the communications channel. One way to minimize this band- 
width is by companding (COMpress/exPAND). Companding is defined by 
two international standards, A-law and u-law, both based on the compression 
of the equivalent of 13 bits of dynamic range into an 8-bit code. The standard 
employed in the United States and Japan is y-law companding. The European 
standard is referred to as A-law companding. Detailed descriptions and code 
examples of u-law and A-law companding are presented in an application re- 
port on companding routines included in the book, Digital Signal Processing 
Applications with the TMS320 Family (literature number SPRAO12A). 


The technique of companding allows the digital sample information corre- 
sponding to a 13-bit dynamic range to be transmitted as 8-bit data. For 
processing in the TMS320C2x, it is necessary to convert the 8-bit (logarith- 
mic) sign-magnitude data to a 16-bit two’s-complement (linear) format. Prior 
to output, the linear result must be converted to the compressed or com- 
panded format. Table lookup or conversion subroutines may be used to im- 
plement these functions. 


Software routines for u-law and A-law companding, flowcharts, companding 
algorithms, and detailed descriptions are provided in the application report on 
companding routines mentioned above. The algorithm space and time re- 
quirements for p-law and A-law companding on the TMS32020/C25 are 
given in Table 5-1. 


Table 5-1. Program Space and Time Requirements for y-/A-Law 
Companding 


FUNCTION | MEMORY WORDS| PROGRAM CYCLES | TIME (us) REQDt 
__| Program Data |Initialization Loop? ‘20 ’C25 
y-Law: 
Compression 74 8 19 45 9 45 
Expansion 276 2 14 5 1 0.5 
A-Law: 
Compression 100 8 19 50 10 5 
Expansion 276 2 14 5 1 0. 


TAssuming initialization 
tWorst case 


a 
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In expanding from the 8-bit data to the 13-bit linear representation, table 
lookup is very effective since the table length is only 256 words. This ts es- 
pecially true for a microcomputer design since the TMS320C25 has 4K words 
of mask-programmable ROM and the TMS320E25 has 4K words of EPROM. 
The table lookup technique requires three instructions (four words of program 
memory), one data memory location, 256 words of table memory, and seven 
instruction cycles (program in on-chip ROM) to execute. 


LAC SAMPLE ; LOAD 8-BIT DATA. 
ADLK MUTABL ; ADD THE CONVERSION TABLE BASE ADDRESS. 
TBLR SAMPLE ; READ THE CORRESPONDING LINEAR VALUE. 


The above conversion could be programmed as a subroutine. This would 
eliminate the need for a table, but would increase execution time and require 
additional data memory locations. 


When the output data has been determined in a system transmitting com- 
panded data, a compression of the data must be performed. The compression 
reduces the data back to the 8-bit format. Unless memory for a table of length 
16384 is acceptable, the table lookup approach must be abandoned for con- 
version routines. Details of these implementations may be found in the appli- 
cation report on companding. 


Access to new companding code as it becomes available is provided via the 
TMS320 DSP Bulletin Board Service. The bulletin board contains TMS320 
source code from application reports included in Digital Signal Processing 
Applications with the TMS320 Family (literature number SPRAQ12A). See 
the TMS320 Family Development Support Reference Guide (\iterature number 
SPRUO11A) for information on how to access the bulletin board. 


5.7.2 FIR/UR Filtering 
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Digital filters are a common requirement for digital signal processing systems. 
The filters fall into two basic categories: Finite Impulse Response (FIR) and 
Infinite Impulse Response (IR) filters. For either category of filter, the coeffi- 
cients of the filter (weighting factors) may be fixed or adapted during the 
course of the signal processing. Presented in Digital Signal Processing Ap- 
plications with the TMS320 Family (\iterature number SPRAOQ12A), an appli- 
cation report discusses the theory and implementation of digital filters. 


The TMS320C25 reduces the execution time of all filters by virtue of its 
100-ns instruction cycle time. Since fewer multiply/accumulate routines are 
required, the IIR filters especially benefit from the 100-ns instruction cycle 
time of the TMS320C25. Correspondingly, the amount of data memory for 
samples and coefficients is not usually the limiting factor. Because of sensi- 
tivity to quantization of the coefficients themselves, IIR filters are usually im- 
plemented in cascaded second-order sections. This translates to instruction 
code consisting of LTD-MPY instruction pairs rather than MACDs. Example 
5-43 provides an implementation of a second-order IIR filter. 
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Example 5-43. Implementing an IIR Filter 


* 

* THE FOLLOWING EQUATIONS ARE USED TO IMPLEMENT AN IIR FILTER: 
* 

* d(n) = x(n) + d(n-1l)al + d(n-2)a2 

* y(n) = d(n)bO + d(n-1)bl + d(n-2)b2 

* 


START IN XN,PAO ; INPUT NEW VALUE XN 


LAC XN,15 ; LOAD ACCUMULATOR WITH XN 
* 


LT DNM1 
MPY Al 
* . 
LTD DNM2 
MPY A2 
* 
APAC 
SACH DN,1 >; A(n) = x(n) + A(n-1)al + A(n-2)a2 
ZAC 
MPY B2. 
* 
LTD DNM1 
MPY Bl 
* 
LTD DN 
MPY BO 
* 
APAC 


SACH YN,1 ; y(n) = d(n)bO + d(n-1)b1 + d(n-2)b2 © 
OUT YN,PA1l ; YN IS THE OUTPUT OF THE FILTER 


FIR filters also benefit from the faster instruction cycle time. In addition, an 
FIR filter requires many more multiply/accumulates than does the IIR filter 
with equivalent sharpness at the cutoff frequencies and distortion and atten- 
uation in the passbands and stopbands. The TMS320C2x can help solve this 
problem by making longer filters feasible to implement. This is accomplished 
by allowing the coefficients to be fetched from program memory at the same 
time as a sample is being fetched from data memory. The simple implemen- 
tation of this process uses the MACD instruction with the RPT/RPTK in- 
struction. 


RPTK 255 
MACD COEFFP, *- 


The coefficients on the TMS32020 may be stored anywhere in on-chip RAM. 
Filters of up to 256 taps can be implemented at an execution speed of 200 © 
ns per tap. 


The coefficients on the TMS320C25 may be stored anywhere in program 
memory (reconfigurable on-chip RAM, on-chip ROM, or external mernories). 
When the coefficients are stored in on-chip ROM or externally, the entire on- 
chip data RAM may be used to store the sample sequence. Ultimately, this 
allows filters of up to 512 taps to be implemented on the TMS320C25. The 
filter executes at full speed or 100 ns per tap as long as the memory supports 
full-speed execution. 


5-63 


Software Applications - Application-Oriented Operations 


5.7.3 Adaptive Filtering 
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With FIR/IIR filtering, the filter coefficients may be fixed or adapted. If the 
coefficients are adapted or updated with time, then another factor impacts the 
computational capacity. This factor is the requirement to adapt each of the 
coefficients, usually with each sample. The MPYA or MPYS and ZALR in- 
structions on the TMS320C25 aid with this adaptation to reduce the exe- 
cution time. 


A means of adapting the coefficients on the TMS320C2x is the Least-Mean- 
Square (LMS) algorithm given by the following equation: 


b,itt) = bkli) + 2B eli) x(i-k) 


where e(i) = x(i) — y(i) 
N-1 
and y(i) => by x(i-k) 
k=0 


Quantization errors in the updated coefficients can be minimized if the result 
is obtained by rounding rather than truncating. For each coefficient in the filter 
at a given point in time, the factor 2*B*e(i) is a constant. This factor can then 
be computed once and stored tn the T register for each of the updates. Thus, 
the computational requirement has become one multiply/accumulate plus 
rounding. Without the new instructions, the adaptation of each coefficient is 
five instructions corresponding to five clock cycles. This is shown in the fol- 
lowing instruction sequence: 


LRLK AR2,COEFFD ; LOAD ADDRESS OF COEFFICIENTS. 
LRLK AR3,LASTAP ; LOAD ADDRESS OF DATA SAMPLES. 
LARP AR2 


ie ERRF > errf = 2*B*e(i) 

ZALH *,AR3 > ACC = bk(i)*2**16 

ADD ONE,15 » ACC = bk(i)*2**16 + 2**15 

MPY *-,AR2 

APAC > ACC = bk(i)*2**16 + errf*x(i-k) + 2**15 


‘SACH *+ ; “SAVE DK Ci+1L). 


When the MPYA and ZALR instructions on the TMS320C25 are used, the 
adaptation reduces to three instructions corresponding to three clock cycles, 
as shown in the following instruction sequence. Note that the processing or- 
der has been slightly changed to incorporate the use of the MPYA instruction. 
This is due to the fact that the accumulation performed by the MPYA is the 
accumulation of the previous product. 
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LRLK 
LRLK 
LARP 
LT 


ZALR 
MPYA 


SACH 


AR2,COEFFD 
AR3,LASTAP 


AR2 


ERRF 


*,AR3 


* 


* +4 


,AR2 


v 


J 


=e =e “=e =e 


; LOAD ADDRESS OF COEFFICIENTS. 
; LOAD ADDRESS OF DATA SAMPLES. 


errf = 2*B*e(i) 


ACC bk (i)*2**16 + 2**15 
ACC bk(i)*2**16 + errf*x(i-k) + 2**15 
PREG = errf*x(i-k+1) 


il 


SAVE bk(it+l). 


Example 5-44 shows a routine to filter a signal and update the coefficients. 
Example 5-45 and Example 5-46 provide the conclusion to the adaptive FIR 
filter routine for the TMS32020 and TMS320C25, respectively. 


Adaptive filter length is restricted both by execution time and memory. There 
is obviously more processing to be completed per sample due to the adapta- 
tion, and the adaptation itself dictates that the coefficients be stored in the 
reconfigurable block of on-chip RAM. Thus, the practical limit of an adaptive 
filter with no external data memory is 256 taps. 
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Example 5-44. 256-Tap Adaptive FIR Filter 
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.title ‘ADAPTIVE FILTER' 


.def 
.def 


+ + + He H+ 


* 


COEFFP .set 


COEFFD -set 
* 


ONE -set 
BETA -set 
ERR -set 
ERRF -set 
¥ .set 
Xx -set 


FRSTAP ~set 
LASTAP -set 


text 
* 


* FINITE IMPULSE 


* 


ADPFIR CNFP 
MPYK 
LAC 
LARP 
LRLK 

FIR RPTK 
MACD 
CNFD 
APAC 
SACH 
NEG 
ADD 
SACH 


ADPFIR 


X,Y 


OFFOOh 
O200h 


7Ah 
7Bh 
70h 
7Dh 
JER 
JF 
0300h 
O3FFh 


0 

ONE, 14 

AR3 
AR3,LASTAP 
255 
COEFFP, *- 


Vo 


X,15 
ERR,1 


RESPONSE 


° 
7 


° 
7 


=O =e “oe =e =e =e =e =e 


ue “te OMe 


; 


THIS 256-TAP ADAPTIVE FIR FILTER USES ON-CHIP MEMORY BLOCK 
BO FOR COEFFICIENTS AND BLOCK Bl FOR DATA SAMPLES. THE 
NEWEST INPUT SHOULD BE IN MEMORY LOCATION X WHEN CALLED. 
THE OUTPUT WILL BE IN MEMORY LOCATION Y WHEN RETURNED. 
ASSUME THAT THE DATA PAGE IS O WHEN THE ROUTINE IS CALLED. 


BO PROGRAM MEMORY ADDRESS 
BO DATA MEMORY ADDRESS 


CONSTANT ONE (DP=0) 
ADAPTATION CONSTANT (DP=0) 
SIGNAL ERROR (DP=0) 
ERROR FUNCTION (DP=0) 
FILTER OUTPUT (DP=0) 


NEWEST DATA SAMPLE (DP=0) 
NEXT NEWEST DATA SAMPLE 
OLDEST DATA SAMPLE 


(FIR) FILTER. 


CONFIGURE BO AS PROGRAM: 
Clear the P register. 


‘Load output rounding bit. 


Point to the oldest sample. 


256-tap FIR filter. 
CONFIGURE BO AS DATA: 


Store the filter output. 


Add the newest input. 
err(i) = x(i) - y(i) 


* LMS ADAPTATION OF FILTER COEFFICIENTS. 


Ist 
MPY 
PAC 
ADD 
SACH 


MAR 
LAC 
SACL 


LRLK 
LRLK 
LT 
MPY 


ERR 
BETA 


ONE,14 
ERRF,1 


4 
Xx 
* 


AR2 ,COEFFD 
AR3,LASTAP 
ERRF 

Me Teen 


» 
LA 


errf(i) = beta * err(i) 
ROUND THE RESULT. 


INCLUDE NEWEST SAMPLE. 


POINT TO THE COEFFICIENTS. 
POINT TO THE DATA SAMPLES. 


P = 2*beta*err(i)*x(i-255) 
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Example 5-45. Adaptive Filter Routine Concluded (TMS32020) 


* 
ADAPT 


ZALH 
ADD 
APAC 
MPY 
SACH 


ZALH 
ADD 
APAC 
MPY 
SACH 


ZALH 


ADD 
APAC 
MPY 
SACH 


ZALH 
ADD 
APAC 
MPY 
SACH 


ZALH 
ADD 

APAC 
SACH 


RET 


* ,AR3 


ONE,15 


*¥-,AR2 
e+ 


* AR3 
ONE,15 


*—,AR2 
* + 


* ,AR3 
ONE ,15 


*= AR? 
*+ 


a et ee =e 68 68 UN OO 


=e “™e Ne we ON 


tt eT) 


ue 6h NO 


LOAD ACCH WITH b255(i). 
ADD ROUNDING BIT. 
b255(it+t1) = b255(i) + P 

P = 2*beta*err(i)*x(i-254) 
STORE b255(it+1). 


LOAD ACCH WITH b254(i). 
ADD ROUNDING BIT. 
b254(it1) = b254(i) + P 

P = 2*beta*err(i)*x(i-253) 
STORE b254(it+l1). 


LOAD ACCH WITH b253(i1). 
ADD ROUNDING BIT. 
b253(it1l) = b253(i) + PB 

P = 2*beta*err(i)*x(1i-252) 
STORE b253(itl1). 


LOAD ACCH WITH bi1(i). 


ADD ROUNDING BIT. 
bi(itl) = bi(i) + B 

P = 2*beta*err(i)*x(i-0O) 
STORE bi(it+l). 


LOAD ACCH WITH bO(i). 
ADD ROUNDING BIT. 
bO(it1) = bO(i) + P 
STORE bO(itl). 


RETURN TO CALLING ROUTINE. 
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Example 5-46. Adaptive Filter Routine Concluded (TMS320C25) 
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* 


ADAPT ZALR *,AR3 ; LOAD ACCH WITH b255(i) & ROUND. 
MPYA *-,AR2 b255(itl) = b255(i) + P 

P = 2¥*beta*err(i)*x(i-254) 

STORE b255(itl). 


* 
SACH: *+ 


we “ee Ne UN 


* 


ZALR * ,AR3 ; LOAD ACCH WITH b254(i) & ROUND. 
MPYA *-,AR2 b254(it+t1) = b254(i) + P 

P = 2*beta*err(i)*x(i~253) 
STORE b254(it1). 


ue 6s 6G UM 


SACH * + 


ZALR * ,AR3 > LOAD ACCH WITH b253(i) & ROUND. 
MPYA *-,AR2 b253(it1) = b253(i) + P 
P = 2*beta*err(i)*x(1i-252) 


~e ose 6S UN 


SACH *+ STORE b253(it1). 
\ . 
ZALR *,AR3 ; LOAD ACCH WITH b1(i) & ROUND. 
MPYA *-,AR2 > b1l(it+tl) = bl(i) + P | 
* > P = 2¥*beta*err(i)*x(i-O) 
| SACH  *+ > STORE bi(itl). 
* : 
ZALR * ; LOAD ACCH WITH bO(i) & ROUND. 
APAC | ; bO(it1) = bO(i) + P 
SACH  *+ ; STORE bO(itl). 
* 
RET >; RETURN TO CALLING ROUTINE. 


Table 5-2 provides a comparison of data memory, program memory, and CPU 
cycles for a 256-tap adaptive FIR filter implementation using the TMS32020 
and TMS320C25. Note that n = 256 in the table. 


Table 5-2. 256-Tap Adaptive Filtering Memory Space and Time 
Requirements 


DEVICE WORDS IN MEMORY CPU CYCLES 
Data Program 


TMS32020 5. 2n 29 + 5n 30 + 6n 
TMS320C25 5 + 2n 30 + 3n 33 + 4n 
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5.7.4 Fast Fourier Transforms (FFT) 


Fourier transforms are an important tool often used in digital signal processing 
systems. The purpose of the transform is to convert information from the time 
domain to the frequency domain. The inverse Fourier transform converts in- 
formation back to the time domain from the frequency domain. Implementa- 
tions of Fourier transforms that are computationally efficient are known as Fast 
Fourier Transforms (FFTs). The theory and implementation of FFTs on the 
TMS32020 has been discussed in an application report in the book, Digital 
Signal Processing Applications with the TMS320 Family (\iterature number 
SPRAO1 2A). | 


The TMS320C25 reduces the execution time of all FFTs by virtue of its 100-ns 
instruction cycle time. In addition to the shorter cycle time, an addressing 
feature has been added to the TMS320C25 which provides execution speed 
and program memory enhancements for radix-2 FFTs. As demonstrated tn 
Figure 5-6 and Figure 5-7 the inputs or outputs of an FFT are not in sequential 
order, i.e., they are scrambled. The scrambling of the data addressing is a direct 
result of the radix-2 FFT derivation. Observation of the figures and the re- 
lationship of the input and output addressing in each case reveal that the ad- 
dress indexing is a bit-reversed order, as shown in Table 5-3. As a result, 
either the data input sequence or the data output sequence must be scrambled 
in association with the execution of the FFT. 


STAGE 1 STAGE 2 STAGE 3 


x(0) —— X(0) 

ay 8 aN X(1) 
Wo 

x(6) LQ X(3) 

Ra ee 7" QO X(4) 

x6) =e an : Q X(5) 
Wo oS 

x(3) X(6) 

x(7) 


X(7) 


LEGEND FOR TWIDDLE FACTOR: Wo = W3 Ww 


,=W; W.=W* Wo=w? 


8 2 8 3 8 


Figure 5-6. An In-Place DIT FFT with In-Order Outputs and 
Bit-Reversed Inputs 
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STAGE 1 STAGE 2 STAGE 3 


x(0) X(0) 

x(1) | ama X(4) 

x(2) Gey eS X(2) 

x(3) Oe x(6) 
Ms PRR 

x(4) — ae x4) 
Wo ne 

x(5) p ° X(5) 


x(6) X(3) 


x(7) X(7) 


0 


ia - w! - we -wd 
LEGEND FOR TWIDDLE FACTOR: Wo = Weg W,= We» Wo = Wg W3=W 8 


Figure 5-7. An In-Place DIT FFT with In-Order Inputs but 
Bit-Reversed Outputs 


Table 5-3. Bit-Reversal Algorithm for an 8-Point Radix-2 DIT FFT 


| INDEX | BIT PATTERN | BIT-REVERSED PATTERN |BIT-REVERSED INDEX 


NOOR WN - © 
NO Ol] OM BO 


On the TMS32020, the bit reversal is handled by loading the accumulator with 
pairs of points that needed to be swapped and then storing them back in the 
swapped locations. An addressing feature that uses reverse carry-bit propa- 
gation allows the TMS320C25 to scramble the inputs or outputs while it is 
performing the |/O. The addressing mode is part of the indirect addressing 
implemented with the auxiliary registers and the associated arithmetic unit. In 
this mode (a derivative of indexed addressing), a value (index) contained in 
ARO is either added or subtracted from the auxiliary register being pointed to 
by the ARP. However, instead of propagating the carry bit in the forward di- 
rection, it is propagated in the reverse direction. The result is a scrambling in 
the address access. 


The procedure for generating the bit-reversal address sequence is to load ARO 
with a value corresponding to one-half the length of the FFT and to load an- 
other auxiliary register, e.g., AR1, with the base address of the data array. Im- 
plementations of FFTs involve complex arithmetic; as a result, there are two 


Software Applications - Application-Oriented Operations 


data memory locations (one real and one imaginary) associated with every 
data sample. Generally, the samples are stored in memory in pairs with the real 
part in the even address locations and the imaginary part in the odd address 
location. This means that the offset from the base address for any given sample 
is twice the sample index. Real input data is easily transferred into’ the data 
memory and stored in the scrambled order, with every other location in the 
data memory representing the imaginary part of the data. 


The following list shows the contents of auxiliary register AR1 when ARO is 
initialized with a value of 8 (8-point FFT) and when data is being transferred 
by the code that follows. 


MSB LSB 
ARO; 0000 0000 0000 1000 8-Point FFT 


AR1: 0000 0010 000 0 000 0 _ Base Address 


RPTK 7 
IN *BRO+, PAO 


AR1: 0000 0010 0000 0000 XR(0) 
AR1: 0000 0010 0000 1000 XR(4) 
AR1: 0000 0010 0000 0100 XR(2) 
AR1: 0000 0010 0000 1100 XR(6) 
AR1: 0000 0010 0000 0010 XR(1) 
AR1:; 0000 0010 0000 1010 XR(5) 
AR1: 0000 0010 0000 0110 = XR(3) 


AR1: 0000 0010 0000 17110 = XR(7) 


Example 5-47 consists of lists of macros used in the implementation of FFTs. 
The first macro implements the bit reversal in the way necessary for the 
TMS32020 and is not necessary for implementations on the TMS320C25. 
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Example 5-47. FFT Macros 
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BITREV SMACRO PR,PI,QR,QI 
* 


* BIT REVERSAL CODE - SWAP PR AND OR, SWAP PI AND QI. 


* 


ZALH 
ADDS 
SACL 
SACH 
ZALH 
ADDS 
SACL 
SACH 


SEND 
* 


:PR: 
:OR: 
2PR:; 
sOR: 
:PI: 
eis 
:PI: 
2OT: 


Cunee SMACRO R1,11,R2,12,R3,13,R4,14 


* CALCULATE PARTIAL TERMS FOR R3, 


LAC :R3:,14 ;ACC 
ADD  :R4:,14 ;ACC 
SACH :R3:,1 ;R3 
SUB oR4 25205 z7ACC 
SACH :R4:,1 :R4 
LAC :13:,14 :ACC 
ADD :I4:,14 ,;ACC 
SACH: -£i5<- 2:1 1S 
SUB S467 .S ,ACC 
SACH :14:,1 714 

* 

* CALCULATE PARTIAL TERMS oor 
LAC :R1:,14 ;ACC 
ADD :R2: 14 :ACC 
SACH Rite oa Rd 
SUB PR2 6:55 2ACC 
ADD ee eee ;ACC 
SACH =R2: eRZ 
SUBH :I14: :ACC 
DMOV :R4: :14 
SACH :R4: ;R4 
LAC <I1:,14 ;ACC 
ADD :I2:,14 ;ACC 
SACH. chsh rp 
SUB ee Oa i s;ACC 
SUB 2142. .1.5 ;ACC 
SACH :I2: 2 
ADDH :I4: 7 ACE 
SACH :I4: ;14 

* 

* CALCULATE PARTIAL TERMS bok 
LAC eRe gt ;ACC 
ADD :R3: ts ;ACC 
SACH :RI1: >R1L 
SUBH :R3: ;ACC 
SACH :R3: ;R3 
LAC Ses ,ACC 
ADD 23-2 YL ;ACC 
SACH <1i: rae 
HUBH 22.32 2ACG 
SACH :I13: 23 
SEND | 


Hou uw WoW nh We th ed 


Pou Ww Ww ow wow We th dh Ue te a db a f ye) 


tou wou dw web uu i 


Ne) 


ke 
LON NN RN RN RO OD mmm nnn ee ess 
BRP RP RRP REP PB PRP RPEREREE 


RR Rf ON PO OO tay 
PREP PRP RPE EE 


R4, I3, AND I4. 


) 

) 

) (R3-R4) 

yi 239 

) (I3+1I4) 

) (I3+14) 

) (13+I4)-(1/2) (14) 
)(I3-14) 


LON LO OO ON LON LO ON ON Ne 
PREP RRR Ee Ee 


I2, AND I4. 


( 

( 

(R1+R2) 
(R1+R2)-(1/2) (R2) 
[(R1-R2)+(1I3- ne 
[ (R1-R2)+(13-I4) ] 
[(R1-R2)-(13-I4) ] 
(1/2) (R3-R4) 
[(R1-R2)-(13-14) ] 
( 

( 

( 

( 

[ 

[ 

[ 

[ 


I1+1I2) 
T1+I2)-(1/2) (12) 
(I1-1I2)-(13- a 
(I1-I2)-(13-14) ] 
(T1-I2)+(13-14) |] 
(I1-I2)+(13-I14)] 


TL. AND. 23. 
R1+R2) 
(R1+R2)+(R3+R4) ] 
(R1+R2)+(R3+R4) ] 
(R1+R2)-(R3+R4) ] 
(R1+R2)-(R3+R4) | 
T1+1I2) 
(I1+1I2)+(1I34+14) ] 
(I1+I2)+(1I3+1I4) ] 
(I1+1I2)-(13+14) ] 
(I1+I2)-(134+14) J 


ee ee ee ee ee ae 
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* 
ZERO 
* 


SMACRO PR,PI,OR,QI 


* CALCULATE Re[P+Q] AND Re[P- 21 
LAC Rs.,.15 ;ACC := (1/2) (PR) 
ADD :QR:,15 ;ACC := (1/2) (PR+QR) 
SACH :PR: ;PR = (1/2) 1 PREOR) 
SUBH :QR: ;ACC := (1/2) (PR+QR)-(QR) 
SACH :QR: ;OR = (1/2) (PR-QR) 

si : 

* CALCULATE Im[P+Q] AND Im[P-Q] 
LAC :PI:, ;ACC := (1/2) (P 
ADD: O52; 15 ;ACC := ees oo 
SACH :PI: >PI = (1/2) (PI+QI1) 
SUBH :QI: ;ACC := (1/2) (PI+QI)-(QI) 
SACH :QI: ;QL = (1/2) (PI-QI) 
SEND 

* 

PIBY4 SMACRO PR,PI,QR,QI,W 

* : 
GT :W: ;T REGISTER := W=COS(PI/4)=SIN(PI/4) 
LAC :Q1:,14 ;ACC := (1/4) (QT) 
SUB :QR:,14 ;ACC := (1/4) (QI-QR) 
SACH :QI:,1 ;O1 = (1/2) (QI-QR) 
ADD :QR:,15 ;ACC := (1/4) (QI+OR) 
SACH :QR:,1 7;QR = re ea 
LAC :PR:,14 ;ACC := (1/4) (PR) 
MPY :QR: ;P REGISTER := (1/4) (QI+OR)*W 
APAC ;ACC := (1/4) [PR+(QI+QR) *w] 
SACH :PR:,1 sPR = eee 
SPAC ;ACC := (1/4) (PR) 
SPAC ;ACC := (1/4) [PR-(QI+QR) *w] 
SACH :QR:,1 ;OR = (1/2) [PR-(QI+OR) *w] 
LAC PI:,14 ;ACC := (1/4) (PI) 
MPY QI ;P REGISTER := (1/4) (QI-QOR) *W 
APAC ;ACC = (1/4) [PI+(QI-OR) *W] 
SACH :PI:,1 ;PI = (1/2) [PI+(QI-QR) *W] 
SPAC ;ACC := (1/4) (PI) 
SPAC ;ACC := ee ae (QI-OR) *W] 
SACH :QI:,1 208 = (1/2) {PL=(O1=OR) *w] 
SEND 

* 

PIBY2 SMACRO PR,PI,QR,QI 

* 

-* CALCULATE Re[P+jQ] AND Re[P-jQ] 

LAC Tes ;ACC := (1/2) (PI) 
SUB *OR, 15 ;ACC := (1/2) (PI-QR) 
SACH :PI: ;PI = (1/2) (PI-QR) 
ADDH :QR: ;ACC := (1/2) (PI-QR)+(OR) 
SACH :QR: ;OR = (172) (PI+OR) 

* 

* CALCULATE Im[P+jQ] AND ee 
LAC R:,15 ;ACC := (1/2) (PR) 
ADD Ofs4.15 ;ACC ;:= ee 
SACH :PR ;PR := (1/2) (PR+QI) 
SUBH :QI ;ACC := (1/2) (PRt+QI)-(QT) 
DMOV :QR ;QR -> gr 
SACH :QR ;OR := (1/2) (PR-QI) 
SEND 


Software Applications - Application-Oriented Operations 


* 
PI3BY4 SMACRO PR,PI,OR,QI,W 
* 


LT :W: ;T REGISTER := W=COS(P1I/4)=SIN(PI/4) 
LAC :Q1:,14 ;ACC (1/4) (QT) 
(1/4) (QI-QR) 


7 = (1/2) (QI-QR) 
ADD :QR:,15 ;ACC := (1/4) (QI+OR) 
SACH :QR:,1 ;OR = (1/2) (QI+QR) 
LAC :PR:,14 ;ACC := (1/4) (PR) 
MPY  :QI1 ;P REGISTER := (1/4) (QI-QR) *W 
APAC ;ACC := (1/4) [PR+(QI-QR) *W] 
SACH :PR:,1 ;PR = (1/2) [PR+(QI-OR) *W] 
SPAC ;ACC := (1/4) (PR) 
SPAC . ;ACC := (1/4) [PR-(QI-QR) *W] 
MPY :QR: ;P REGISTER := (1/4) (QI+QR) *W 
SACH :QR:,1 ;QR := (1/2) [PR-(QI-QR) *W] 
LAC :PI:,14 ;ACC := (1/4) (PI) 
SPAC ;ACC := (1/4) [PI-(QI+OR) *W] 
SACH :PI:,1 ;PI = (1/2) [PI-(QI+QR) *W] 
APAC ;ACC := (1/4) (PI) 
APAC ;ACC := (1/4) [PI+(QI+QR) *W] 
SACH :QI:,1 ;QO1 = (1/2) [PI+(QI+OR) *w] 
SEND 


Example 5-48 shows the bit-reversal addressing capability of the TMS320C25 
for implementing an 8-point DIT FFT. On the TMS320C25 the following in- 
structions input the data and store it in memory in the bit-reversed sequence: 


RPTK 7 
IN *BRO+, PAO 


This code combines the functions of input and bit-reversa!l addressing which 
were previously implemented separately on the TMS32020. The following 
implementation uses a separate bit-reverse macro: 


RPTK 7 
IN *0+,PAO 


BITREV . X1R,X11,X4R,X4I 
BITREV =X3R,X31I,X6R,X6I 
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Example 5-48. An 8-Point DIT FFT 


XOR -set OO 
XOI eset OL 
X1R -set 02 
X11 -set 03 
X2R set 04 
X21 eset O05 
X3R -set 06 
X31 set O07 
X4R -set 08 
X41 -set 09 
X5R set 10 
X5I -set 11 
XOR eset 12 
X6I -set 13 
X7R eset 14 
X7I -set 15 
W set 16 
WVALUE .set 5A82h ; VALUE FOR SIN(45) OR COS(45) 
-text 


* 


* INITIALIZE FFT PROCESSING. 
* 


FFT SPM 0O ; NO SHIFT OF PR OUTPUT 
SSXM ; SET SIGN-EXTENSION MODE. 
ROVM ; RESET OVERFLOW MODE. 
LDPK 4 ; SET DATA PAGE POINTER TO 4. 
LALK WVALUE ; GET TWIDDLE FACTOR VALUE. 
SACL W ; STORE SIN(45) OR COS(45). 


* 


INPUT SAMPLES, STORING IN BIT-REVERSED ORDER. 


LARK ARO,8 ; LOAD LENGTH OF FFT IN ARO. 

LRLK AR1,200h ; LOAD AR1 WITH DATA PAGE 4 ADDRESS. 
LARP ARI 

RPTK 7 


IN *BRO+,PAO ; ONLY REAL-VALUED INPUT 


1ST & 2ND STAGES COMBINED WITH DIVIDE-BY-4 INTERSTAGE 
SCALING. 


+ + % % 


COMBO xXOR,X0O1I,X1R,X11I,X2R,X21,X3R,X3I1, 
COMBO X4R,X41I,X5R,X51,X6R,X61,X7R,X71I. 


* 3RD STAGE WITH DIVIDE-BY-2 INTERSTAGE SCALING. 


ZERO XOR,XOI,X4R,X4I 
PIBY4 X1R,X11I,X5R,X51I,W 
PIBY2 X2R,X21,X6R,X6I 
PI3BY4 X3R,X31,X7R,X71,W 


+ 


OUTPUT SAMPLES, SUPPLYING IN SEQUENTIAL ORDER. 


LRLK AR1,200h ; LOAD AR1 WITH ,DATA PAGE 4 ADDRESS. 


RPTK 15 
OUT *+,PA0 ; COMPLEX-VALUED OUTPUT 
RET 
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Table 5-4 provides a comparison of execution speed, program memory, and 
data memory for an 8-point DIT FFT implementation using the TMS32020 
and TMS320C25. 


Table 5-4. FFT Memory Space and Time Requirements 


| DEVICE WORDS IN MEMORY CPU CYCLES TIME 
Data Program (us) 

TMS32020 17 169 216 43.2 
TMS320C25 17 153 178 17.8 


5.7.5 PID Control 
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Control systems are concerned with regulating a process and achieving a de- 
sired behaviour or output from the process. A control system consists of three 
main components: sensors, actuators, and a controller. Sensors measure the 
behavior of the system. Actuators supply the driving force to ensure the de- 
sired behaviour. The controller generates actuator commands corresponding 
to the error conditions observed by the sensors and the control algorithms 
programmed in the controller. The controller typically consists of an analog 
or digital processor. 


Analog control systems are usually based on fixed components and are not 
programmable. They are also limited to using single-purpose characteristics 
of the error signal, such as P (proportional), | (integral), and D (derivative), 
or their combination. These limitations, along with other disadvantages of 
analog systems such as component aging and temperature drift, are causing 
digital control systems to increasingly replace analog systems in most control 


applications. 


Digital control systems that use a microprocessor/microcontroller are able to | 
implement more sophisticated algorithms of modern control theory, such as 
state models, deadbeat control, state estimation, optimal control, and adaptive 
control. Digital control algorithms deal with the processing of digital signals 
and are similar to DSP algorithms. The TMS320C2x instruction set can 
therefore be used very effectively in digital control systems. 


The most commonly used algorithm in both analog and digital control systems 
is the PID (Proportional, Integral, and Derivative) algorithm. The classical PID 
algorithm is given by 


u(t) = Kp e(t) + Kj f edt + Kg de/dt 


The PID algorithm must be converted into a digital form for implementation 
on a microprocessor. Using a rectangular approximation for the integral, the 
PID algorithm can be approximated as 


u(n) = u(n-1) + Ky e(n) + Kg e(n-1) + K 3 e(n-2) 


This algorithm is implemented in Example 5-49. 
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Example 5-49. PID Control 


-title 'PID CONTROL' 
-def PID 
* 


* THIS ROUTINE IMPLEMENTS A PID ALGORITHM. 
* 


UN set O ; OUTPUT OF CONTROLLER 
EO -set ; LATEST ERROR SAMPLE 
El -set 2 ; PREVIOUS ERROR SAMPLE 
E2 set 3 ; OLDEST ERROR SAMPLE 
Kl ~set 4 3; GAIN CONSTANT 

K2 set 5 > GAIN CONSTANT 

K3 set 6 ; GAIN CONSTANT 

-text 


* 
* ASSUME DATA PAGE O IS SELECTED. 
* 


+K2*e(n-2) 
STORE OUTPUT 
SEND: £2 


SACH UN,1L 
OUT UN,PA1L 


PID IN EQ,PAOQ ; READ NEW ERROR SAMPLE 
LAC UN ; ACC = u(n-1) 
LT E2 ; LOAD T REG WITH OLDEST SAMPLE 
MPY K2 > P = K2¥*e(n-2) 
LTD El s ACC = u(n-1)+K2*e(n-2) 
MPY K1 > P = Kl*e(n-1) 
LTD EO >; ACC = u(n-1)+K1l*e(n-1)+K2*e(n-2) 
MPY KO >; P = KO*e(n) 
APAC > ACC = u(n-1)+KO*e(n)+Kl*e(n-1) 
7 


The PID loop takes 13 cycles to execute (2.6 us at a 20-MHz clock rate or 1.3 
us at a 40-MHz clock rate). The TMS320 can also be used to implement more 
sophisticated algorithms such as state modeling, adaptive control, state esti- 
mation, Kalman filtering, and optimal control. Other functions that can be 
implemented are noise filtering, stability analysis, and additional control loops. 
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Section 6 


Hardware Applications 


The TMS320C2x has the power and flexibility to satisfy a wide range of sys- 
tem requirements. The 128K-word address space for program and data mem- 
ory can be used to interface external memories or to implement single-chip 
solutions. Peripheral devices can be interfaced to the TMS320C2x to perform 
analog signal acquisition at different levels of signal quality. 


Information and examples on how to interface the TMS320C2x to external 
devices are presented in this section. The examples given are general enough 
to be easily adapted for a particular system requirement. For more detailed in- 
formation, refer to the application reports, “Hardware Interfacing to the 
TMS$32020” and “TMS32020 and MC68000 Interface,” included in the book, 
Digital Signal Processing Applications with the TMS320 Family, Volume | 
(literature number SPRAOQ12A). Refer also to the application report, Hardware 
Interfacing to the TMS320C25 (literature number SPRAO14A), published se- 
parately. Appendix F provides listings and brief information regarding 71 me- 
mories, peripherals, and analog conversion devices that are used in many of 
the applications in this section. 


The following buses, port, and control signais provide system interface to the 
TMS320C2x processor: 


16-bit address bus (A15-A0Q) 

16-bit data bus (D15-DQ) 

Serial port 

PS, DS, {S (program, data, |/O space select) 
R/W (read/write) and STRB (strobe) 

READY and MSC (microstate complete) 

HOLD and HOLDA (hold acknowledge) 
INT(2-0) and JACK (interrupt acknowledge) 
BIO (branch control) and XF (external flag) 
SYNC (synchronization) and BR (bus request) 


Major hardware applications discussed in this section are listed below and on 
the next page. 


® System Control Circuitry (Section 6.1 on page 6-3) 
Powerup reset circuit 
Crystal oscillator circuit 
User target design considerations when using the XDS 
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® Interfacing Memories (Section 6.2 on page 6-10) 
Interfacing PROMs 
Wait-state generator 
Interfacing EPROMs 
Interfacing static RAMs 
Interface timing analysis 


@ Direct Memory Access (Section 6.3 on page 6-29) 
Global Memory (Section 6.4 on page 6-32) 


® Interfacing Peripherals (Section 6.5 on page 6-34) 
Combo-codec interface 
AIC interface 
D/A interface 
A/D interface 
1/O ports 


® System Applications (Section 6.6 on page 6-45) 
Echo cancellation | 
High-speed modem 
Voice coding 
Graphics and image processing 
High-speed control 
Instrumentation and numeric processing 


Note: 


Throughout this document, "TMS320C25” refers to the TMS320C25, 
| TMS320C25-50, and TMS320E25 unless stated otherwise. Where ap- 
plicable, "ROM” includes the on-chip EPROM of the TMS320E25. | 
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6.1 System Control Circuitry 


The system control circuitry performs functions that are critical for proper 
system initialization and operation. A powerup reset circuit design and a 
crystal oscillator circuit design are presented in this section. The powerup re- 
set circuit assures that a reset of the part occurs only after the oscillator is 
running and stabilized. This oscillator circuit allows the use of third-overtone 
crystals which are readily available at frequencies above 20 MHz. For a more 
detailed discussion of system control circuitry, refer to the application report, 
Hardware Interfacing to the TMS320C25 (literature number SPRAOQ14A). 


6.1.1 Powerup Reset Circuit 


The reset circuit shown in Figure 6-1 performs a powerup reset, i.e., the 
TMS320C2x is reset when power is applied. Note that the switch circuit must 
include debounce circuitry. Driving the RS signal low initializes the processor. 
Reset affects several registers and status bits (see Section 3.6.2 for a detailed 
description of the effect of reset on processor status). 


TMS320C25 


Ry =1 MQ 


C7 =0.47 pF 


af 


DGND 


Figure 6-171. Powerup Reset Circuit 
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For proper system initialization, the reset signal must be applied for at least 
three CLKOUT cycles, i.e., 300 ns for a TMS320C25 operating at 40 MHz. 
Upon powerup, it can take several to hundreds of milliseconds before the 
system oscillator reaches a stable operating state. Therefore, the powerup reset 
circuit should generate a low pulse on the reset line until the oscillator is stable 
(i.e., 100 to 200 ms). 


The voltage on the reset pin (RS) is controlled by the R1C1 network (see 
Figure 6-1). After a reset, this voltage rises exponentially according to the time 
constant RjC1, as shown in Figure 6-2. 


VOLTAGE 


, i = Vcc (1-e7 t/7) 


Vcc 


to =0 ty TIME 
Figure 6-2. Voltage on TMS320C25 Reset Pin 


The duration of the low pulse on the reset pin is approximately t;, which is the 
time it takes for the capacitor C; to be charged to 1.5 V. This is approximately 
the voltage at which the reset input switches from a logic level 0 to a logic 
level 1. The capacitor voltage is given by 


| t 
V = Vcc E aero) (1) 
where t = Ry Cj is the reset circuit time constant. Solving (1) for t gives 
| V 
t = —R),C; nJ> il - —— (2) 
| Vcc 
For example, setting the following: 
R, = 1 MQ | ~ Vec=5V 
C, = 0.47 yF V=V,=1.5V 


gives t = t = 167 ms. In this case, the reset circuit of Figure 6-1 can generate 
a low pulse of long enough duration (167 ms) to ensure the stabilization of 
the oscillator upon powerup in most systems. 
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6.1.2 Crystal Oscillator Circuit 


The crystal oscillator circuit shown in Figure 6-3 is designed to operate at 
40.96 MHz. Since crystals with fundamental oscillation frequencies of 30 MHz 
and above are not readily available, a parallel-resonant third-overtone oscilla- 
tor is used. If a packed clock oscillator is used, oscillator design is of no 
concern. 


TMS320C25 
ferystal 


+5 V 


74AC04 


= 74AS04 = = 


= = DIGITAL GROUND 


Figure 6-3. Crystal Oscillator Circuit 


The 74AS04 inverter in Figure 6-3 provides the 180-degree phase shift that a 
parallel oscillator requires. The 4.7-kQ resistor provides the negative feedback 
that keeps the oscillator in a stable state; i.e., the poles of the system are con- 
strained in a narrow region about the jw axis of the s-plane (analog domain). 
The 10-kQ potentiometer is used to bias the 74AS04 in the linear region. 


In a third-overtone oscillator, the crystal fundamental frequency must be at- 
tenuated so that oscillation is at the third harmonic. This is achieved with an 
LC circuit that filters out the fundamental, thus allowing oscillation at the third 
harmonic. 


The impedance of the LC network must be inductive at the crystal fundamental 
frequency and capacitive at the third harmonic. The impedance of the LC cir- 
cuit is given by 

L 


C 


Hw) = 3) 
j | ow = ra 


Therefore, the LC circuit has a pole at 
, 7 


i et ie (4) 


At frequencies significantly lower than wp, the 1/(wC) term in (3) becomes the 
dominating term, while wl can be neglected. This gives 
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Iz (w)| | 


| INDUCTIVE 
| REGION 


Z(w) = jJwL for w << wp . (5) 


In (5), the LC circuit appears inductive at frequencies lower than wy. On the 
other hand, at frequencies much higher than wy, the wl term is the dominant 
term in (3), and 1/(wC) can be neglected. This gives 


ft 
Z(w) = joc forw >> Wp (6) 


The LC circuit in (6) appears increasingly capacitive as frequency increases © 
above wp. This is shown in Figure 6-4, which is a plot of the magnitude of the 
impedance of the LC circuit of Figure 6-3 versus frequency. 


Based on the discussion above, the design of the LC circuit proceeds as fol- 
lows: Choose the pole frequency wp approximately halfway between the 
crystal fundamental and the third harmonic. The circuit now appears inductive 
at the fundamental frequency and capacitive at the third harmonic. 


In the oscillator of Figure 6-3, wo = 26.5 MHz, which is approximately half- 
way between the fundamental and the third harmonic; and C = 20 pF. Then, 
using (4), L = 1.8 pH. 


| 
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; | REGION 

| 

| 

| 

{ 

| 

| 

| 

| 

| t 

{ 

| 

| 

1 w 
“p™ Vic | (rad/s) 


Figure 6-4. Magnitude of Impedance of Oscillator LC Network 
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6.1.3 User Target Design Considerations When Using the XDS 


The architecture for the TMS320C2x emulator (XDS) maximizes speed and 
performance. No external serial logic levels have been added to any of the 
address, data, or control signals other than those added to the setup times of 
READY, RS, BIO, and HOLD, and the propagation delay of HOLDA (hold ac- 
knowledge). The additional loading on outputs induced by the XDS is com- 
prehended in the XDS and TMS320C2x device design, thus allowing the user 
the full drive as specified in the TMS320C2x device data sheet. The DC load- 
ing characteristics of inputs is defined in Chapter 9 of the XDS/22 
TMS320C2x Emulator User's Guide (literature number SPDUOQ55). 


The emulator architecture works closely with the user's system design to allow 
the user's memory to have maximum access times. Areas of close interaction 
between the emulator and target system are: 


® Bus control 

@ READY timing and memory substitution 
@ Reset and hold | 

@ Miscellaneous considerations. 


Bus Control 


When the emulator is halted from the keyboard or any of the breakpoint 
functions, the current state of the device being emulated Is extracted by the 
control processor. This processor communicates with the emulated device 
over the emulated device’s data bus. Additional communication is generated. 
by commands entered from the keyboard. | 


Before communication between the control processor and the device being 
emulated begins, the control processor generates an interlock sequence on the 
emulated device’s HOLD input in order to define data bus ownership. Once the 
target HOLD is deactivated, this interlock prevents the target system from re- 
ceiving an active HOLDA until the emulator has completed accessing the pro- 
cessor resources. The emulator will not attempt to use the data bus until the 
interlock is successful, thus guaranteeing that it will not try to use the data bus 
when HOLDA is asserted to the target system. 


‘When communication between the control processor and the device being 
emulated is complete, the hold interlock is released, and the target system can 
again receive hold acknowledge when HOLD is asserted. At this point, the 
emulator is waiting for another command from the keyboard. Communication 
between the device being emulated and the control process occurs when DS, 
PS, IS, and HOLDA are all high. 


The target system should drive the data bus only when the following condi- 
tions are met: 


@  HOLDA is active, or 
@ ODS, PS, or IS is active and R/W is high. 


The XDS hardware uses the data bus only while the above signals are inactive. 
When these rules are not followed, the XDS gives a ‘PROCESSOR SYNC 
LOST’ 1160 error. This error may also be caused by signal-to-signal shorts in 
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the target system, misalignment of the target connector, poor grounding of the 
target connector, or wiring errors on the target system. 


READY and Memory Substitution 


Since the XDS adds one internal level of 7 ns in series with the READY input, 
the user’s system is left with only 10 ns to generate READY. This can be ac- 
complished by generating READY with a 10-ns TIBPAL16R4 device. READY 
should be generated off DS, PS, or IS and the decode of the address lines. 


The target system must present a valid READY high on each external access, 
even when using the XDS substitution memory. Suggested implementation 
of READY logic on the target system should hold READY high until target 
memory requiring wait states is addressed. 


The XDS provides two types of memory substitution: fast static RAM at a fixed 
address and slower dynamic RAM at mappable addresses. The user is re- 
sponsible for deselecting target memory residing in the same address of the 
emulator’s fast static memory if this emulator memory is mapped in. (Note that 
the target should not drive the data bus on a read.) This fast static emulator 
substitution memory consists of 8K words of fast static RAM, which can be 
individually mapped in as 4K words of program memory starting at address 
Q000 and 4K words of data memory starting at location OOOO. In this case, the 
target system cannot drive the data bus even though DS or PS is active. Al- 
though this emulator static RAM can operate with zero wait states, target wait 
states can be modeled by the user using the target READY signal. However, 
this sensitivity requires that the target system eventually respond with a valid 
READY high or the emulator waits until it does. 


The slower dynamic RAM controls bus access through the DS or PS control 
signals. The target system can drive the data bus when PS or IS is asserted. 
Emulator logic assures that DS, PS, and IS are returned to their inactive state 
when the dynamic RAM substitution memory uses the data bus on reads. 


The dynamic RAM substitution memory always uses more than one clock to 
return data. An access to address space mapped to the dynamic substitution 
memory is accompanied by the assertion of DS or PS, and STRB. When the 
target logic generates a READY high condition, the device appears to com- 
plete the memory cycle by driving DS, PS, IS, or STRB to their inactive states 
at their normal switching times. The device under emulation is held not ready 
for at least one extra clock cycle or until the memory substitution data is 
available. The memory substitution data is then driven onto the data bus on 
reads while all bus control signals at the target connector are high. 


Note that additional wait states can be added with the use of the target 
READY line. In this case, the memory control lines model the target access 
timing. However, the program cycle count ts affected by the additional cycles 
internal to the emulator’s access of the dynamic RAM. Since the system re- 
sponds to the READY line, the target must eventually return a valid READY 
high on each access. 


Miscellaneous Considerations 


When the XDS is powered-up, the device under emulation is placed in the run 
mode with all memory substitution turned off. The control processor does not 
attempt to communicate with the device under emulation until the user com- 
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municates with the emulator. If the target system is asserting RS, HOLD, or not 
READY continuously to the device under emulation, the control processor 
cannot gain control of the device under emulation and reports a ‘PROCESSOR 
SYNC LOST’ 1160 e:ror. This condition can be caused by a powered-up em- 
ulator plugged into a powered-down target system. Although the RS, HOLD, 
and READY are pulled up with resistors on the emulator, the impedance of the 
powered-down target system can assert a control signal or load the data bus 
so that the XDS cannot function properly. 


The conductive foam on the XDS target cable must be removed along with the 
- foam on the logic show pod prior to XDS powerup. Failure to do so can also 
cause the ‘PROCESSOR SYNC LOST’ 1160 error. 


TMS320C25 Designs Using HOLD and HOLDA. When the target system 
asserts HOLD active low while the emulator is processing user-envoked com- 
mands requiring access of the device-under-emulation resources, the target 
will not receive HOLDA until the command is complete. 


When interfacing to dynamic RAM in the target system, the user should use 
READY rather than HOLD to insert refresh cycles. A user-invoked command 
could hold off HOLDA long enough to lose charge in the dynamic cells. Like- 
wise, the refresh cycle in a ‘RAS ONLY REFRESH’ system could conflict with 
the emulator system controlling addressing during command processing if the 
address lines to the DRAMs are not buffered. 


Stack Usage. An interrupt is used to halt the device being emulated, thereby 
using one of the emulated device stack locations. When an XDS is to be used, 
the applications programmer should reserve one level of the stack for code 
development. 


Transmission Line Phenomena. Since the XDS target cable is approxt- 
mately 20 inches, use of advanced CMOS or fast/advanced Schottky TTL may 
cause line reflections (ringing above input thresholds) on input lines to the 
XDS. Series termination resistors (22 to 68 ohms) can help to eliminate this 
problem. In some cases where significant additional signal length is added to 
XDS outputs, the series resistors on the XDS may not be sufficient to. control 
reflections. In this case, additional corrective actions may be necessary. 


Clock Source. The XDS does not support the use of a crystal in the target 
system. The emulator’s clock source can be selected from three sources: 


1) Acclock (with TTL levels) driven up the target cable on pin F117 (PGA) 
or pin 35 (PLCC), 

2) Asocketed changeable crystal on the emulator board (Y1), or 

3) Asocketed changeable canned TTL oscillator on the EMU (U9). 


TM$S32020/TMS320C25. The XDS supports both the TMS32020 and 
TMS320C25. The operating frequencies are 20 MHz and 40 MHz, respec- 
tively. The unit is shipped configured as a TMS320C25 emulator, but it can 
easily be converted to a TMS32020 emulator by replacing the TMS320C25 
device on the emulator with the TMS32020 device found in the spare parts 
kit. The crystal, TTL oscillator, and/or input clock frequency must be adjusted 
to correspond to TMS32020 specifications. See Section 9 in the XDS/22 
TMS320C2x Emulator User's Guide (literature number SPDU0O55) for addi- 
tional timing and loading information. 
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6.2 Interfacing Memories 


The TMS320C2x can be interfaced with PROMs, EPROMs, and static RAMs. 
The speed, cost, and power limitations imposed by a particular application 
determine the selection of a specific memory device. If speed and maximum 
throughput are desired, the TMS320C2x can run with no wait states. In this 
case, Memory accesses are performed in a single machine cycle. Alternatively, 
slower memories can be accessed by introducing an appropriate number of 
wait states or slowing down the system clock. The latter approach is more 
appropriate when interfacing to memories with access times slightly longer 
than those reguired by the TMS320C2x at full speed. 


When wait states are required, the number of wait states depends on the 


-_ memory access time (see Section 6.2.3). With no wait states, the READY in- 


put to the TMS320C2x can be pulled high. If one or more wait states are re- 
quired, the READY input must be driven low during the cycles in which the 
TMS320C2x enters a wait state. 


The TMS320C2x implements two separate and distinct memory spaces: pro- 
gram space (64K words) and data space (64K words). Distinction between 
the two spaces is made through the use of the PS (program space) and DS 
(data space) pins. A third space, the 1/O space, is also available for interfacing 
with peripherals. This space is selected by the IS (1/O space) pin, and is dis- 
cussed in Section 6.5. 


The following brief discussion describes the TMS320C2x read and write cy- 
cles. For the memory read and write timing diagrams, refer to the TMS320C2x 
Data Sheet of Appendix A. For further information about read and write op- 
eration, see Sections 3.7.3 and 3.7.4. Throughout this section, Q is used to 
indicate the duration of a quarter phase of the output clock (CLKOUT1 or 
CLKOUT2). Memory interfaces discussed itn this section assume that the 
TMS320C2x is running at 40 MHz; i.e., Q = 25 ns. 


In a read cycle, the following sequence occurs: 


1) Near the beginning of the machine cycle (CLKOUT1 goes low), the ad- 
dress bus and one of the memory select signals (PS, DS, or 1S) becomes 
valid. R/W goes high to indicate a read cycle. 


2) STRB goes low no less than tsy(ay = Q-12 ns after the address bus is 
valid. 


3) Early in the second half of the cycle, the READY input is sampled. 
READY must be stable (low or high) at the TMS320C25 no later than 
ta(SL-R) = Q-20 ns after STRB goes low. 


4) With no wait states (READY is high), data must be available no later 
than ta(s_) = 2Q-23 ns after STRB goes low. 


The sequence of events that occurs during an external write cycle is the same 
as the above, with the following differences: 


1) | R/W goes low to indicate a write cycle. 


2) The data bus begins to be driven approximately concurrently with STRB 
going low. 
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3) After STRB goes high, the data bus must enter a high-impedance state 
no later than tgig(p) = Q+15 ns. 


6.2.1 Interfacing PROMs 


Program memory in a TMS320C2x system can be implemented through the 
use of PROMs. Two different approaches for interfacing PROMs to the 
TMS320C2x can be taken depending on whether or not any of the memories 
in the system require wait states. When no wait states are required for any of 
the memories, READY can be tied high, and the interface to the PROMs be- 
comes a direct connection. In this first approach, address decoding is not re- 
quired since the system contains only a small amount of one type of memory. 
When some of the system memories require wait states, address decoding 
must be performed to distinguish between two or more memory types with 
different access times. In the second approach, a valid READY signal that 
meets the TMS320C2x timing requirements must be provided. An efficient 
method of accomplishing this is to use one section of circuitry to generate the 
address decode, and a second, independent section to generate the READY 
signal. These two approaches are discussed in this section. For more detailed 
information, see Hardware Interfacing to the TMS320C25 (literature number 
SPRAOQ14A). 


An example of a no-wait-state memory system is the direct PROM interface 
design shown in Figure 6-5. In this design, the TMS320C25 is interfaced with 
the Texas Instruments TBP38L165-35, a low-power 2K x 8-bit PROM. The 
interface timing for the design of Figure 6-5 is shown in Figure 6-6. The same 
techniques can be. used with both of the TMS320C2x devices. The 
TMS320C25 has been chosen for the following examples because it has the 
most stringent timing requirements. 


The TMS320C25 expects data to be valid no later than 20-23 ns after STRB 
goes low. (This is 27 ns for a TMS320C25 operating at 40 MHz.) The access 
times of the TBP38L165-35 are 35 ns maximum from address taiay, and 20 
ns maximum from chip enable ta(s). On the TMS320C25, address becomes 
valid a minimum of tsy = Q-12 ns = 13 ns before STRB goes low. Therefore, 
the data appears on the data bus within 27 ns after STRB goes low, as required 
by the TMS320C25. | 


When a read cycle is followed by a write cycle, care must be taken to avoid 
bus conflict. Bus conflict also may occur when a TMS320C25 write cycle is 
followed by a memory read cycle. In this case, the TMS320C25 data lines 
must enter a high-impedance state before the memory starts driving the data 
bus. 
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Figure 6-5. Direct Interface of TBP38L165-35 to TMS320C25 


Hardware Applications - Interfacing Memories 


aout 


0.9 


| 
——— tals) l= tdis “1 


D15-D0O ! DATA IN ! 


Figure 6-6. Interface Timing of TBP38L165-35 to TMS320C25 


The most critical timing parameters of the TBP38L165-35 direct interface to 
the TMS320C25 are summarized in Table 6-1. 


Table 6-1. Timing Parameters of TBP38L165-35 Direct Interface to 
7 TMS320C25 7 


“DESCRIPTION 


SYMBOL USED IN VALUE 
FIGURE 6-6 
Address setup time tsy 13 ns (min) 
TMP38L165-35 access time from chip enable ta(S) 20 ns (max) 
TMP38L165-35 disable time tdis 15 ns (max) 


The second design example considers the interface of PROMs to the 
TMS320C25 using address decoding. An approach that can be used to meet 
the READY timing requirements is shown in Figure 6-7. This design utilizes 
one address decoding scheme to generate READY, and a second address de- 
coding scheme to enable the different memory banks. In this design, the 
memories with no wait states are mapped at the upper half (upper 32K) of the 
program space. The lower half is used for memories with One or more wait 
states. This decoding is implemented with the 74AS20 four-input NAND gate. 


Address decoding is implemented by the 74AS138. This decoding separates 
the program space into eight segments of 8K words each. The first four of 
these segments (lower 32K of address space) are enabled by the YO, Y1, Y2, 
and Y3 outputs of the 74AS138. These segments are used for memories with 
one or more wait states. The other four segments select memories with no wait 
states (the TBP38L165s are mapped in segment 5, starting at address 8000h). 
Note that in Figure 6-7, R/W is used to enable the 74AS138. This prevents a 
bus conflict from occurring if an attempt is made to write to the PROMs. Fig- 
ure 6-8 shows the timing for the circuit shown in Figure 6-7. READY goes 
high 10 ns (worst case) after the address has become valid. 
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Figure 6-7. Interface of TBP38L165-35 to TMS320C25 
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Figure 6-8. Interface Timing of TBP38L165-35 to TMS320C25 (Address 
Decoding) 


The most critical timing parameters of the TBP38L165-35 interface with ad- 


dress decoding to the TMS320C25 are summarized in Table 6-2. 


Table 6-2. Timing Parameters of TBP38L165-35 to TMS320C25 


(Address Decoding) 


DESCRIPTION SYMBOL USED IN VALUE 
: FIGURE 6-8 


Propagation delay through the 74AS138 
| Address valid to READY 
TBP38L165-35 disable time 


Propagation delay through the 74AS04 ty 5 ns (max) 
10 ns (max) 
10 ns (max) 
15 ns (max) 
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6.2.2 Wait-State Generator 


The READY input of the TMS320C2x allows the capability to interface with 
memory and peripherals that cannot be accessed in a single cycle. The num- 
ber of cycles in a memory or I/O access is determined by the state of the 
READY input. If READY is high when the TMS320C2x samples the READY 
input, the memory access ends at the next falling edge of CLKOUT1. If READY 
is low, the memory cycle is extended by one machine cycle, and all other sig- 
nals remain valid. Figure 6-9 shows a one-wait state memory access. Note that 
for on-chip program and data memory accesses, the READY input is ignored. 
Refer to Hardware Interfacing to the TMS320C25 (literature number 
SPRAO14A) for detailed information regarding wait-state generation. 


The automatic generation of one wait state can be accomplished by the use 
of the MicroState Complete (MSC) signal. The MSC output is asserted low 
during CLKOUT1 low to indicate the beginning of an internal or external 
memory or |/O operation (see Figure 6-9). By gating MSC with the address 
and PS, DS, and/or iS, a one-wait READY signal can be generated. Note that 


MSC is a valid signal only when CLKQUT1 is low; see page A-31. 


An alternative approach for the generation of wait states when interfacing with 
memories and peripherals consists of a wait-state BeneratOr. In this design, 
READY must be valid (low or high) no later than Q-20 ns = 5 ns after STRB 
goes low. If READY is high, then the memory/peripheral access is completed 
with the present machine cycle. If READY is low, the access is extended to the 
next machine cycle; i.e., a wait state is introduced. The number of wait states 
required depends on the access time tg of the particular memory device or 
peripheral. lf tg < 40 ns, no wait states are required. If 40 ns < tg < 140 ns, 
one wait state must be inserted. In general, N wait states are required for a 
particular access if 


TMS32020: [200(N-1) + 85]ns < tg < [200N + 85]ns 
TMS320C25: [100(N-1) + 40]ns < tg < [100N + 40]ns 
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Figure 6-9. One Wait-State Memory Access Timing 


The information on the number of wait states required for a memory or pe- 
ripheral access is summarized in Table 6-3. 


Table 6-3. Wait States Required for Memory/Peripheral Access 
NUMBER OF WAIT TMS32020 : TMS320C25 
STATES REQUIRED ACCESS TIME ACCESS TIME 

ta < 85 ns tg < 40 ns 


85 ns < tz < 285 ns | 40 ns <t, < 140 ns 
285 ns < tg < 485 ns| 140 ns < tg < 240 ns 


485 ns < tg < 685 ns| 240 ns < tg < 340 ns 
685 ns < tg < 885 ns | 340 ns <t, < 440 ns 


A wait-state generator design and timing are shown in Figure 6-10 and Figure 
6-11, respectively. In the case of one wait state, time t; in Figure 6-11 is the 
time from address valid to memory select of the particular device that requires 
the wait state. This corresponds to the propagation delay through the address 
decode logic. For a 74AS138 decoder, ty = 10 ns (max). 


Time tg is the time from memory select going low to CLKOUT2 going low. 
tg = tp + tsy = 11 ns + 20 ns = 31 ns 


Time t3 is the time from CLKOUT2 going low to READY going high. 
t3 =19ns+ 5ns = 24ns 
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Tt 


READY must remain high until it is sampled again, shortly after CLKOUT1 
goes high. In Figure 6-10, READY remains high well after CLKOUT1 goes 
high. On the falling edge of CLKOUT2, J = 1 and K = Q = 1 are the inputs 
to the J-K flip-flop; this places the flip-flop in a toggle mode. When CLKOQUT2 
goes low, O goes back to logic 1. READY goes low and stays low until one 
of the inputs of the 74AS30 is pulled low. 


To implement two wait states, a second J-K flip-flop is utilized as shown in 
Figure 6-10. This delays READY going high by an additional machine cycle 
(see Figure 6-11). If more wait states are required, additional J-K flip-flops 
must be included in the wait-state generator design. 
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Connections to other devices in the system that require two wait states. (Inputs not used by other 
devices should be pulled up.) 


Connections to other devices in the system that require one wait state. (Inputs not used by other 
devices should be pulled up.) 
Connections to other devices in the system that require zero wait states. (Inputs not used by other 
devices should be pulled up.) 


Figure 6-10. Wait-State Generator Design 
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Figure 6-11. Wait-State Generator Timing 


6.2.3 Interfacing EPROMs 


EPROMs can be a valuable tool for debugging TMS320C2x algorithms during 

the prototyping stages of a design, and may even be desirable for production. 
Two different EPROM interfaces to the TMS320C2x are discussed: a direct 
interface of an EPROM that requires no wait states, and EPROM interfaces 
that require one and two wait states. 


A direct interface similar to that used for PROMs may be implemented when 
EPROM access time meets the TMS320C2x timing specifications. A Texas 
Instruments TMS27C292-35 2K x 8-bit EPROM can interface directly to the 
TMS320C25 with no wait states. The TMS27C292-35 is a CMOS EPROM 
with access times of 35 ns from valid address and 25 ns from chip select. 


When slower, less costly EPROMs are used, a simple flip-flop circuit (see 
Section 6.2.2 for wait-state generator design) can be used to generate one or 
more wait states. Figure 6-12 shows an EPROM interface with one wait state, 
where Wafer Scale WS57C64F-12 8K x 8-bit EPROMs are interfaced to the 
TMS320C25. The WS57C64F-12 is the slowest member of the WS57C64F 
EPROM series, but still meets the specifications for one wait state. With 
slower EPROMs, however, data output turnoff can be slow, and must be taken 
into consideration in the design. The WS57C64F-12s are mapped at address 
2000h. Figure 6-13 provides the interface timing diagram. 
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Figure 6-12. Interface of WS57C65F-12 to TMS320C25 
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Figure 6-13. Interface Timing of WS57C65F-12 to TMS320C25 


Table 6-4 summarizes’ the most critical timing parameters of the 
WS57C64F-12 interface to the TMS320C25. 


Table 6-4. Timing Parameters of WS57C64F-12 Interface to 


TMS320C25 
DESCRIPTION SYMBOL USED IN VALUE 
FIGURE 6-13 
Address valid to MEI MEMSEL low 10 ns (max) 


STRB low to DTSTR low 

TMS320C25 address valid to WS57C64F-12 
data valid 

STRB high tc WS57C64F-12 output disable 


5.8 ns (max) 
130 ns (max) 


40.8 ns (max) 


An EPROM interface with two wait states is shown in Figure 6-14, in which 
the TMS27C64-20 is interfaced to the TMS320C25. The TMS27C64-20 is a 
CMOS 8K x 8-bit EPROM with an access time of 200 ns. The timing diagram 
is shown tn Figure 6-15. 
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Figure 6-14. Interface of TMS27C64-20 to TMS320C25 
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Figure 6-15. Interface Timing of TMS27C64-20 to TMS320C25 


Table 6-5 summarizes the most critical timing parameters of the 
TMS27C64-20 interface to the TMS320C25. 


Table 6-5. Timing Parameters of TMS27C64-20 Interface to 


TMS320C25 
DESCRIPTION SYMBOL USED IN VALUE 
FIGURE 6-15 
Address valid to MEMSEL low ty 10 ns (max) 


5.8 ns (max) 
220 ns (max) 


STRB low to DTSTR low 
TMS320C25 address valid to TMS27C64-20 
data valid 
STRB high to TMS27C64-20 cutput disable 


18.8 ns (max) 


For detailed information regarding EPROM interfacing, see the application re- 
port, Hardware Interfacing to the TMS320C25 _ (literature number 
SPRAO14A). 
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6.2.4 Interfacing Static RAMs 
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Interfacing external RAM to the TMS320C2x can be useful for expanding in- 
ternal data memory or implementing additional RAM program memory. Static 
RAM can be used as data memory to extend the TMS320C2x 544-word in- 
ternal RAM. When used as program memory, object code can be downloaded 
into the RAM and executed. In the first case, the static RAM is mapped into 
the data space, while in the second case it is mapped into the program space. 


In cases where RAMs of different speeds are used, separate schemes for ad- 
dress decoding and READY generation can be used to meet READY timing 
requirements in a similar manner to that used for the PROM interface de- 
scribed in Section 6.2.1. RAMs with similar access times may then be grouped 
together in one segment of memory. 


The static RAM for this interface is the Cypress Semiconductor CY7C169-25 
4K x 4-bit static RAM. This RAM has a 25-ns access time from address tai) 
and a 15-ns access time from chip enable ta(ce). Note that these access times 
are fast enough so that a wait-state generator is not required for this interface. 
lf, however, RAMs that require wait states are used in the system, the wait- 
state generator described in Section 6.2.2 can be used. 


The design shown in Figure 6-16 utilizes a similar approach to the one de- 
scribed in Sections 6.2.1 and 6.2.3; i.e., one address decoding scheme is used 
to generate READY, and a second address decoding scheme enables the static 
RAM. In this design, RAMs with no wait states are mapped at the lower half 
(lower 32K words) of the TMS320C25 data space. The upper half is used for 
memories with one or more wait states. Figure 6-1/7 shows the timing for 
memory read and write cycles. 


Table 6-6 summarizes the most critical timing parameters of the CY7C169-25 
interface to the TMS320C25. 


Table 6-6. Timing Parameters of CY7C169-25 Interface to 
TMS320C25 


DESCRIPTION SYMBOL USED IN VALUE 
| FIGURE 6-17 


Address valid to READY valid 10.8 ns (max) 

STRB low to MEMSEL low 8.5 ns (max) 

STRB high to MEMSEL high | 7.5 ns (max) 

CLKOUT1 low to TMS320C25 data bus : 15 ns (max) 
entering the high-impedance state 


| MEMSEL low to CY7C169-25 driving the 5 ns (min) 
data bus 
MEMSEL low to CY7C169-25 data valid 15 ns (max) 
MEMSEL high to CY7C169-25 entering 15 ns (max) 
the high-impedance state 
_ Data setup time for a write 32 ns (min) 
Data hold time | 7.5 ns (min) 
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Figure 6-16. Interface of CY7C169-25 to TMS320C25 
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Figure 6-17. Interface Timing of CY7C1 69-25 to TMS320C25 
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6.2.5 Interface Timing Analysis 


When interpreting TMS320C25 timing specifications, particularly in the area 
of memory interface timing, it is necessary to understand clock input and clock 
timing relationships shown in timing diagrams as compared with the actual > 
data sheet specifications. If interpreted incorrectly, the specifications may 
suggest that interfacing to the device is more constrained than necessary. 
Without exception, the TMS320C25 meets every specification given in the 
data sheet (Appendix A). Some timings are specified more conservatively than 
others, due to yield distributions, etc.; but, each TMS320C25 is guaranteed 
by Texas Instruments to conform explicitly with the minimum values as stated 
in the tables and shown in the timing diagrams of the data sheet. 


Clock input and internal clock timing relationships must be considered in the 
interpretation of output timing characteristics and requirements. At the clock 
input to the device, only the rising edges of the clock are used to initiate 
transitions on internal clocks and output signals. Thus, with an input clock of 
a Stable frequency (regardless of duty cycle variation within specifications), 
extremely symmetric timing is exhibited throughout the device. A significant 
consequence of this is that CLKOUT1, CLKOUT2, and STRB timing skews 
(with respect to each other) and high and low pulse widths are integer mul- 
tiples of Q (the input clock period or one-fourth of the output clock period) 
to within a few nanoseconds. This occurs because transitions on the output 
signals are initiated directly from the internal clocks (Q1-Q4), and driven 
through identical output buffer circuits. Since the internal clocks are very 
symmetric, close tracking of these outputs results. The large skews in these 
timings, as shown in the data sheet, are a factor of temperature and process. 
Since there is no variation in process and negligible variation in temperature 
across a single device, the skew of the outputs relative to the inputs is con- 
sistent for all outputs. Regardless of the magnitude of such skews, interfaces 
to the TMS320C25 can be designed independent of these skews in most 
cases. 


Interface timings to be considered include READY, memory read, and MSC 
timings. With regard to READY, there are two pairs of related timings in which 
one timing can be met without the other one being met, with the device still 
guaranteed to function properly. These pairs of timings are tq(SL-R) and 
tq(C2H-R), and th(SL-R) and th(C2H-R). These front-end and back-end 
READY timings are specified with respect to STRB and CLKOUT2. For zero 
wait-state accesses, READY is referenced to STRB, but for wait-state accesses, 
STRB remains low and another timing reference is required. Note that the ac- 
tual timings for each of these parameter pairs are identical and the timings with 
respect to CLKOUT2 and STRB are equivalent. Therefore, if READY timing 
meets the requirements with respect to one of these references (but not nec- 
essarily the other), the timing requirements of the device are satisfied regard- 
less of the actual skews between the two signals. For the purpose of interface 
timing, tg(C2-S) can be assumed to be O ns with respect to other signals on 
the TMS320C25. The same is also true of tq(C1-S) and ty(SL); these timings 
can be assumed to be Q and 2Q, respectively. These relationships are ac- 
counted for in specifications and device testing. 


In memory read operations, the two key timings, ta(A) and tsy(D)R, are related 
by ta(A) = ts (A) + tw(SL) - t.4(D)R. However, when the worst case tyw(SL) 
specifications are used in this equation to generate an expression for ta(A), the 
result differs from the specification for tg(A) in the data sheet. Both the spec- 
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ification for tg(A) and ts,(D)R are tested explicitly on the device and guaran- 
teed. This again justifies the assumption that ty(SL) can be assumed to be 
2Q with respect to other signals on the device. This is confirmed by the fact 
that if ty(SL) = 20 is used to calculate t,(A), consistency results in all of 
these related timings. If an interface is designed where t,,(D)R is met but 
ta(A) is not met due to actual signal skews, the interface is still guaranteed to 
function with the TMS320C25. The same is true (but not as likely in reality) 
if an interface is designed where tg(A) is met but t,,,(D)R is not. Thus, even 
if tw(SL) is actually less than 20, meeting either tg(A) or tsy(D)R is still suf- 
ficent to guarantee a valid memory cycle since both parameters are guaranteed 
independently. 


Note that when considered in the absolute sense, timings such as tyw(SL) will 
have some finite tolerance, although considerably less than that specified. For 
example, if STRB is used to generate a WE pulse for a device that specifies a 
minimum WE low pulse width, the data sheet specification for STRB low pulse 
width must be used for a worst-case design. 


With regard to MSC timing, the t,(C2H-R) timing is a constraint that must be 
satisfied, and the tg(MSC) is a parameter more conservatively specified than 
many other timings. When considering these timing parameters and 
CLKOUT1/CLKOUT2 skews, the MSC does not meet worst-case timings for 
generating READY, the purpose for which the MSC signal was intended. The 
READY timing will be met by MSC, however, regardless of when MSC tes 
high. This timing is explicitly guaranteed by th(M- R) = 0, even though MSC 
exhibits some finite skew from CLKOUT1. 


Hardware Applications - Direct Memory Access (DMA) 


6.3 Direct Memory Access (DMA) 


Some advanced hardware design concepts supported by the TMS320C2x in- 
clude Direct Memory Access (DMA) and global memory (see Section 6.4). 
Direct memory access can be used for multiprocessing by temporarily halting 
the execution of one or more processors to allow another processor to read 
from or write to the halted processor's local off-chip memory. Direct memory 
access to external program/data memory is performed using the HOLD and 
HOLDA signals. _ 


The multiprocessing is typically a master-slave configuration. The master may 
initialize a slave by downloading a program into its program memory space 
and/or provide the slave with the necessary data to complete a task. In a 
typical TMS320C2x direct memory access scheme, the master may be a gen- 
eral-purpose CPU, another TMS320C2x, or perhaps even an analog-to-digital 
converter. A simple TMS320C2x master-slave configuration is shown in Fig- 
ure 6-18. The master TMS320C2x takes complete control of the slave’s ex- 
ternal memory by asserting HOLD low via its external flag (XF). This causes the 
slave to place its address, data, and control lines in a high-impedance state. 
By asserting RS in conjunction with HOLD, the master processor can load the 
slave’s local program memory with the necessary initialization code on reset 
or powerup. The two processors can be synchronized using the SYNC pin to 
make the transfer over the memory bus faster and more efficient. 


After contro! of the slave’s buses is given up to the master processor, the slave 
alerts the master of this fact by asserting HOLDA. This signal may be tied to the 
master TMS320C2x’s BIO pin. The slave’s XF pin may be used to indicate to 
the master when it has finished performing its task and needs to be repro- 
grammed or requires additional data to continue processing. In a multiple 
slave configuration, priority of each slave’s task may be determined by tying 
the slave’s XF signals to the appropriate INT(2-0) pin on the master 
TMS320C2x. 
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Figure 6-18. Direct Memory Access Using a Master-Slave 
Configuration : 


A PC environment presents another example of a potential direct memory ac- 
cess scheme where a system bus (the PC-bus) is used for data transfer. In this 
configuration, either the master CPU or a disk controller may place data onto 
the system bus, which can be downloaded into the local memory of the 
TMS320C2x. Here the TMS320C2x acts more like a peripheral processor with 
multifunction capability. In a speech application, for example, the master can 
load the TMS320C2x’s program memory with algorithms to perform such 
tasks as speech analysis, synthesis, or recognition, and fill the TMS320C2x’s 
data memory with the required speech templates. In another application ex- 
ample, the TMS320C2x can serve as a dedicated graphics engine. Programs 
can be stored in TMS320C2x program ROM or downloaded via the system 
bus into program RAM. Data can come from PC disk storage or provided di- 
rectly by the master CPU. 


Figure 6-19 depicts a direct memory access using a PC environment. In this 
configuration, decode and arbitration logic is used to control the direct mem- 
ory access. When the address on the system bus resides in the local memory 
of the peripheral TMS320C2x, this logic asserts the HOLD signal of the 
TMS320C2x while sending the master a not-ready indication to allow wait 
states. After the TMS320C2x acknowledges the direct memory access by as- 
serting HOLDA, READY is asserted and the information transferred. 
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Figure 6-19. Direct Memory Access in a PC Environment 
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6.4 Global Memory 
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For multiprocessing applications, the external memory of the TMS320C2x can 
be divided into local and global sections. Specia! registers and pins included 
on the TMS320C2x allow multiple processors to share up to 32K words of 
global data memory space. This implementation facilitates efficient “shared 
data” multiprocessing where data is transferred between two or more proces- 
sors. Unlike a direct memory access (DMA) scheme, reading or writing global 
memory does not require one of the processors to be halted. 


Global memory can be used in various digital signal processing tasks such as 
filters or modems, where the algorithm being implemented may be divided into 
sections with a distinct processor dedicated to each section. In this multi- 
processor scheme, the first and second processors may share global data 
memory, as well as the second and third, the third and fourth, etc. Arbitration 
logic is required to determine which section of the algorithm is executing and 
which processor has access to the global memory. With multiple processors 
dedicated to distinct sections of the algorithm, throughput may be increased 
via pipelined execution. 


The size of the global memory is programmable between 256 and 32K lo- 
cations in data memory by loading the global register (GREG). After global 
memory is defined in the GREG, the TMS320C2x asserts the BR (bus request) 
signal before each global memory access. The BR signal stays low on back-to- 
back cycles in the TMS320C25, but does not do so for the TMS32020. The 
processor then inserts wait states until a bus grant is given by asserting the 
READY line. Figure 6-20 illustrates such a global memory interface. Since the 
processors can be synchronized by using the SYNC pin, the arbitration logic 
may be simplified and the address and data bus transfers more efficient (see 
Section 3.10.1 for information on synchronization). 


The SYNC pin on the TMS320C2x may also be used to synchronize several 
processors to allow for execution of redundant fail-safe systems. SYNC permits 
instruction broadcasting between several processors and lock-step execution 
after initial synchronization. 
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Figure 6-20. Global Memory Communication 
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6.5 Interfacing Peripherals 


Most DSP systems implement some amount of |/O using peripherals in addi- 
tion to any memory included in the system. This usually includes analog input 
and output, which can be performed through the parallel and serial |/O ports 
on the TMS320C2x. | 


When accessing the external parallel 1/O ports, the access to the data bus is 
multiplexed over the same pins as for a program/data memory access. The I/O 
space is selected by the IS signal going active low, and the address of the port 
is placed on address bits A3-AO. Address bits A15-A4 are held low. 


This section describes hardware interfaces to a TCM29C16 combo-codec, a 
TLC32040 analog interface circuit (AIC), a digital-to-analog (D/A) converter, 
and an analog-to-digital (A/D). 


6.5.1 Combo-Codec Interface 
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Some areas of speech, telecommunications, and many other applications re- 
quire low-cost analog-to-digital (A/D) and digital-to-analog (D/A) convert- 
ers. Combo-codecs are most effective in serving DSP system data-conversion 
requirements. Combo-codecs are single-chip pulse-code-modulated encod- 
ers and decoders (PCM codecs), designed to perform the encoding (A/D 
conversion) and decoding (D/A conversion), as well as the antialiasing and 
smoothing filtering functions. Since combo-codecs perform these functions 
in a single 300-mil DIP package at low cost, they are extremely economical 
for providing system data-conversion functions. 


Combo-codecs interface directly to the TMS320C2x by means of the serial 
port and provide a companded, PCM-coded digital representation of analog 
input samples. This PCM code is easily translated into linear form by the 
TMS320C2x for use in processing. The design discussed here and shown in 
Figure 6-21 uses a Texas Instruments TCM29C16 codec, interfaced using the 
serial port of the TMS320C25. 


The TMS320C2x serial port provides direct synchronous communication with 
serial devices. The interface signals are compatible with codecs and other serial 
components so that minimal external hardware is required. Externally, the se- 
rial port interface is implemented using the following pins on the TMS320C25: 


6 DX (transmitted serial data) 


CLKX (transmit clock) 

FSX (transmit framing synchronization signal) 
DR (received serial data) 

CLKR (receive clock) 

@ FSR (receive framing synchronization signal) 


Data on DX and DR are clocked by CLKX and CLKR, respectively. These 
clocks are only required during serial transfers on the TMS320C25. On the 
TMS32020, the clocks must be present at all times if the serial port is being 
used. Note that the TMS320C25 is double-buffered. 
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Figure 6-21. Interface of TMS320C25 to TCM29C16 Codec 


Serial port transfers are initiated by framing pulses on the FSX and FSR pins 
for transmit and receive operations, respectively. For transmit operations, the 
FSX pin can be configured as an input or an output. This option is selected 
by the transmit mode (TXM) bit of status register ST1. In this design, FSX is 
assumed to be configured as an input; therefore, transmit operations are initi- 
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ated by a framing pulse on the FSX pin. Upon completion of receive and 
transmit operations, an RINT (serial port receive interrupt) and an XINT (serial 
port transmit interrupt) are generated, respectively. Interface timing of the 
TMS320C25 to the TCM29C16 corresponds to the burst-mode serial port 
transmit and receive operations shown in Figure 3-28 and Figure 3-29, re- 


— spectively. Continuous-mode operation using framing pulses or without 


framing pulses is also possible. 


The format (FO) bit of status register ST1 is used to select the format (8-bit 
byte or 16-bit word) of the data to be received or transmitted. For interfacing 
the TMS320C25 to a codec, the format bit should be set to 1, formatting the 
data in 8-bit bytes. | 


The TMS320C25 interfaces directly to the codec, as shown in Figure 6-21, 
with no additional logic required. The PCM u-law data generated by the codec 
at the PCMOUT pin is read by the TMS320C25 from the data receive (DR) 
pin, which is internally connected to the receive serial register (RSR). The data 


transmitted from the data transmit (DX) pin of the TMS320C25 is received 


by the PCMIN input of the codec. During the digital-to-analog conversion, 
this p-law companded data must be converted back to a linear representation 
for use in the TMS320C25. The resulting analog waveform is lowpass-filtered 
by the codec’s internal smoothing filter. Therefore, no additional filtering is 
required at the codec output (PWRO+). Software companding routines ap- 
propriate for use on the TMS320C25 are provided in the book, Digital Signal 
Processing Applications with the TMS320 Family (literature number 
SPRAO12A). 


The software required to initialize the TMS320C25-codec interface is provided 
in the Combo-Codec Interface section of the application report, Hardware /n- 
terfacing to the TWMS320C25 (literature number SPRAO14A). This report also 
presents detailed information regarding codec interfacing. 


A combo-codec configured in the fixed-data-rate mode requires the following 
external clock signals: 


@ A 2.048-MHz clock to be used as the master clock, and 
@ 8-kHz framing pulses to initialize the data transfers. 


Both of these signals can be derived from the 40.96-MHz system clock with 
appropriate divider circuitry. This is the primary justification for selecting 
40.96-MHz as the system clock frequency. The clock divider circuit consists 
of a 74AS74 D-type flip-flop, 74HC390 decade counter, and 74AS869 8-bit 
up/down counter. The hardware connections between these devices are 
shown in Figure 6-21. 


To generate the 2.048-MHz master clock for the combo-codec, a division by 
20 of the 40.96-MHz system clock is required. The 74HC390 contains on-chip 
two divide-by-2 and two divide-by-5 counters. Since the 74HC390 cannot 
be clocked with frequencies above approximately 27 MHz, a 74AS74 contfig- 
ured as a divide-by-2 of the 40.96-MHz clock is used. 


The 74AS869 is configured to generate the 8-kHz clock pulse (the ripple carry 
output is 2.048 MHz/256 = 8 kHz). This pulse is used by the TMS320C25 
and codec as a framing pulse to initiate data transfers. 
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{ 
The level of the analog input signal is controlled using the TLO72 opamp 
connected in the inverting configuration (see Figure 6-21). Using the 
500-kQ potentiometer, the gain of this circuit can be varied from 0 to 5. The 
output of the 0.01-yF coupling capacitor drives the TCM29C16’s internal 
opamp. This opamp is connected in the inverting configuration with unity gain 
(feedback and input impedances having the same value of 100 kQ). 


6.5.2 AIC Interface 


For applications such as modems, speech, control, instrumentation, and ana- 
log interface for DSPs, a complete analog-to-digital (A/D) and digital-to-an- 
alog (D/A) input/output system on a single chip may be desired. The 
TLC32040 analog interface circuit (AIC) integrates on a single monolithic 
CMOS chip a bandpass, switched-capacitor, antialiasing-input filter, 14-bit 
resolution A/D and D/A converters, and a lowpass, switched-capacitor, out- 
put-reconstruction filter. The TLC32040 offers numerous combinations of 
master clock input frequencies and conversion/sampling rates, which can be 
changed via digital processor control. 


Four serial port modes on the TLC32040 allow direct interface to TMS320C2x 
processors. When the transmit and receive sections of the AIC are operating 
synchronously, it can interface to two SN54299 or SN74299 serial-to- parallel 
shift registers. These shift registers can then interface in parallel to the 
TMS320C2x, other TMS320 digital signal processors, or to external FIFO cir- 
cuitry. Output data pulses are emitted to inform the processor that data 
transmission is complete or to allow the DSP to differentiate between two 
transmitted bytes. A flexible control scheme is provided so that the functions 
of the AIC can be selected and adjusted coincidentally with signal processing 
via software control. Refer to the TLC32040 data sheet for detailed informa- 
tion on timing and device functions. 


The AIC is easily interfaced tc the TMS320C2x serial ports, as shown in Figure 
6-22. The TMS320C2x can communicate with the AIC either synchronously 
or asynchronously depending on the information in the control register. The 
operating sequence for synchronous communication with the TMS320C2x, 
shown in Figure 6-23, is as follows: 


1) The FSX or FSR pin is brought low. : 
2) One 16-bit word is transmitted or one 16-bit byte is received. 
3) The FSX or FSR pin is brought high. 

4) The EODX or EODR pin emits a low-going pulse. 


For asynchronous communication, the operating sequence is similar, but FSX 
and FSR do not occur at the same time (see Figure 6-24). For proper opera- 
tion, the TXM bit in the TMS320C2x control register should be set to 0 so that 
the FSX pin of the TMS320C2x is configured as an input, the format (FO) 
status bit is set to 0, and the AIC WORD /BYTE pin is at logic high. After each 
receive and transmit operation, the TMS320C2x asserts an internal receive 
(RINT) and transmit (XINT) interrupt, which may be used to control program 
execution. 
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Figure 6-23. Synchronous Timing of TLC32040 to TMS320C2x 
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Figure 6-24. Asynchronous Timing of TLC32040 to TMS320C2x 


For further information regarding the AIC interface, see page 11-196 of Linear 
and Interface Circuits Applications, Volume 3: Peripheral Drivers, Data Acqui- 
sition Systems, Hall-Effect Devices (literature number SLYAOO3), published 
by Texas Instruments. 
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6.5.3 Digital-to-Analog (D/A) Interface 


The high-speed operation of the internal logic circuitry of the TLC7524 8-bit 
digital-to-analog (D/A) converter allows an interface to the TMS32020 with 
a minimum of external circuitry required. Figure 6-25 shows the interface cir- 
cuitry, which consists of one SN74ALS138 3-to-8-line decoder used to de- 
code the address of the peripheral. 
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Figure 6-25. Interface of TLC7524 to TMS32020 


When the TMS32020 executes an OUT instruction (see Figure 6-28), the 
peripheral address is placed on the address bus and the IS line goes low, in- 
dicating that the address on the bus corresponds to an I/O port and not ex- 
ternal data or program memory. A low level at IS enables the 74ALS138 
decoder, and the Y-output, corresponding to the address on the bus, is — 
brought low. When the Y-output is brought low, the TLC7524 is enabled and 
the data appearing on the data bus is latched into the D/A converter by 
STRB. The controlling software for the D/A interface is given on page 11-204 
of Linear and Interface Circuits Applications, Volume 3: Peripheral Drivers, 
Data Acquisition Systems, Hall-Effect Devices (literature number SLYAOO3), 
‘published by Texas Instruments. 
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Figure 6-26. Interface Timing of TLC7524 to TMS32020 


6.5.4 Analog-to-Digital (A/D) Interface 
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The TMS320C2x can be interfaced to 8-bit A/D converters, such as the 
TLCO820. However, because the control circuitry of the TL.CO820 operates 
much more slowly than the TMS320C2x, it cannot be directly interfaced. In 
the TLCO0820 to TMS32020 interface design shown in Figure 6-27, the fol- 
lowing logic devices are used in the interface circuit: | 


® A 3-line to 8-line decoder (SN74ALS138) 
A quad 2-input NAND gate (SN74LS00) 
A hex inverter (SN74LS04) 

A quad 2-input OR gate (SN74LS32) 

A quad D-type flip-flop (SN74LS1 75) 
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Figure 6-27. Interface of TLC0O820 to TMS32020 


The 74LS138 decodes the addresses assigned to the TLCO0820. One of the 
addresses is used when performing a write operation; the other is used for a 
read operation. The two different addresses are necessary to ensure that the 
correct number of wait states is provided for the write and read operations. 
The controlling software for the A/D interface is given on page 11-206 of L/- 
near and Interface Circuits Applications, Volume 3: Peripheral Drivers, Data 
Acquisition Systems, Hall-Effect Devices (literature number SLYAQO3), pub- 
lished by Texas Instruments. 


With the TMS32020 running at 20 MHz and the TLCO820 configured as slow 
memory, three wait states are necessary to provide a write pulse of sufficient 
length. After conversion has begun (with the rising edge of the WR signal), the 
TMS32020 must wait at least 600 ns before the conversion result can be read. 
Sufficient delay should be provided in software. To read the conversion result, 
an adequate number of wait states musf be provided to allow for the data ac- 
cess time (320 ns minimum) of the TLCO820. As shown in the IN instruction 
timing diagram of Figure 6-28, two wait states are provided when accessing 
port 1. 
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Figure 6-28. Interface Timing of TLC0820 to TMS32020 


6.5.5 1/O Ports 


1/0 design on the TMS320C2x is treated the same way as memory. The 1/O | 
address space is distinguished from the local program/data memory space by 
the TS signal. TS goes low at the beginning of the memory cycle. All other 
control signals and timing parameters are the same as those for the 
program/data external memory interface. 


The TMS320C2x software instructions can access 16 input and 16 output 
ports. The four least significant bits of the address bus specify the particular 
port being accessed. A pair of 74AS138s can be used to fully decode these 
address bits (see Figure 6-29). ) 
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Figure 6-29. I/O Port Addressing 


A simple interface between two processors can be implemented using up to 
16 bidirectional !/O ports connected to the TMS320C2x. An interprocessor 
communication path can be formed by memory-mapping peripherals to the 
1/O ports of the TMS320C2x. In this manner, the TMS320C2x can connect 
to parallel A/Ds, registers, FIFOs, two-port memories, or other peripheral de-— 
vices. In a multiprocessing scheme, intelligent peripherals can be memory- 
mapped into the !/O ports. Here the TMS320C2x can communicate with 
UARTs, general-purpose microprocessors, disk controllers, video controllers, 
or other peripheral processors. 


Using an 8-bit general-purpose microprocessor, such as Tl’s TMS70C42, for 
a keyboard interface is an example of a TMS320C2x I/O port multiprocessing 
scheme, as snown in Figure 6-30. The TMS70C42 may be mapped into the 
TMS320C2x |/O space using latches to store the transferred data. In a single 
or multiple 1/O port multiprocessing configuration, the four LSBs of the ad- 
dress bus are decoded to determine which of the 16 1/O ports on the 
TMS320C2x is being accessed. The TMS320C2x selects the I/O space (IS) 
for its external bus and reads/writes data using the IN/OUT instructions. 


Processor-controlled signals between the TMS320C2x and the peripheral de- 
vice indicate when data is available to be read. This interprocessor commu- 
nication is facilitated by using the input.and output pins of the TMS70C42 (or 


6-43 


Hardware Applications - Interfacing Peripherals 


other peripheral processor). In an !/O multiprocessing configuration, the I/O 
port address space is limited, and data transfers are relatively slow compared 
to a direct memory access or global memory configuration. 
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Figure 6-30. I/O Port Processor-to-Processor Communication 
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6.6 System Applications 


The TMS320C2x is used in a wide variety of systems. Several applications in 
the areas of telecommunications, graphics and image processing, high-speed 
control, instrumentation, and numeric processing are described in the follow- 
ing paragraphs to illustrate basic approaches to system design using the 
TMS320C2x. 


6.6.1 Echo Cancellation 


Digital signa! processing is extensively used in telecommunications applica- 
tions. In echo cancellation, an adaptive FIR filter performs the modelling. 
routine and signal modifications required to adaptively cancel the echo caused 
by impedance mismatches in telephone transmission lines. The TMS320C25's 
large on-chip RAM of 544 words and on-chip ROM of 4K words allow it to 
execute a 256-tap adaptive filter (32-ms echo cancellation) without external 
data or program memory. Figure 6-31 shows a common configuration for an 
echo canceiler that uses a TCM29C16 codec interface. 


LINE 
INTERFACE 


TCM29C16 
CODEC 


TMS320C25, 


Figure 6-31. Echo Canceller 


6.6.2 High-Speed Modem 


In high-speed modems, a signal processor is used to perform functions such 
as modulation/demodulation, adaptive equalization, and echo cancellation. 
The TMS320C2x large memory space allows it to support multiple standards 
such as Bell 103, Bell 212A, V.22 bis, V.29, V.32, and V.33, as well as pro- 
prietary algorithms. The modem shown in Figure 6-32 consists of the host 
interface, controller, DSP, and analog front-end. 


DSP 
CONTROLLER DIGITAL ANALOG 
BUS | 1/0 


TMS70C42 TLC32040 DAA/ 
CONTROLLER AIC .- HYBRID 


HOST 
INTERFACE 


TMS320C2x 


Figure 6-32. High-Speed Modem 
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6.6.3 Voice Coding 


Voice coding techniques, such as full-duplex 32-kbps adaptive differential 


pulse-code modulation (CCITT G.721), 16-kbps subband coding, and linear 
predictive coding, are frequently used in voice transmission and storage. The 
speed of the TMS320C2x in performing arithmetic computations, normaliza- 
tion, and bit manipulation enables it to implement these functions usually in- 
ternally (i.e, with no external devices). Figure 6-33 shows a voice coding 
system consisting of a TMS320C2x DSP, TCM29C16 codec or TLC32040 
AIC, and optional external memory. 


-TCM29C16 
CODEC 


TMS320C2x OR eee 
TLC32040 
AIG. 


EXTERNAL 
DATA 
MEMORY 
(OPTIONAL) 


Figure 6-33. Voice Coding System 


6.6.4 Graphics and Image Processing 
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In graphics and image processing applications, a signal processor's ability to 
interface with a host processor is important. The TMS320C2x multiprocessor 
interface enables it to be used in a variety of host/coprocessor configurations 
(see Figure 6-34 for an example of a graphics system configuration). Graph- 
ics and image processing applications can use the large directly addressable 
external data memory space and global memory capability to allow graphical 
images in memory to be shared with a host processor, thus minimizing data 


_ transfers. Indexed indirect addressing modes on the TMS320C2x allow ma- 


trices to be processed row-by-row when matrix multiplication is performed for 
3-D image rotation, translation, and scaling. 


Hardware Applications - System Applications 


™MS34010 


DSP GSP 
| DATA 


+q4nor 


nCw 


MEMORY 
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OR 
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Figure 6-34. Graphics System 


6.6.5 High-Speed Control 


TMS34070 
COLOR 


“ PALETTE 


TMS4256 l TMS4461 l 
DRAM VRAM 


1 CONTROL DISPLAY 
ae | INTERFACE Pere 
TMS320C2x [ADDRESS | 


High-speed control applications, such as robotics, use the TMS320C2x gen- 
eral-purpose features for bit manipulation, logical operations, timing synchro- 


nization, and fast data transfers (10 million 16-bit words per second). 


In 


' addition to the numeric-intensive control functions typical of robotic applica- 
tions, the TMS320C2x provides a host interface whereby a robot can com- 
municate to a central host processor (see Figure 6-35). The TMS320C2x is 
also used in the closed-loop systems of disk drives for signal conditioning, 
filtering, high-speed computing, and multichannel multiplexing. 


SYSTEM 


MANAGER TMS320C2x 


CONTROLLER 


CPU 


WAIT STATE/| 
ADDRESS 
- DECODE 


MEMORY 


(OPTIONAL) 


Figure 6-35. Robot Axis Controller Subsystem 
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6.6.6 Instrumentation and Numeric Processing 


6-48 


Instrumentation, such as spectrum analyzers, require a large data memory 
space and a processor such as the TMS320C2x capable of performing long- 
length FFTs and generating high-precision functions with minimal external 
hardware. Figure 6-36 shows an example of an instrumentation system. Nu- 
meric processing applications benefit from the high throughput, multiproc- 
essing, and data memory expansion capabilities of the TMS320C2x. 


VO 
INTERFACE 
A/D — D/A 


ANALOG 
INTERFACE 


DATA 
MEMORY 


TMS320C2x 


Figure 6-36. Instrumentation System 


80-ns Instruction Cycle Time 
544 Words of On-Chip Data RAM 


@ 4K Words of On-Chip Secure Program 
EPROM (TMS320E25) 


@ 4K Words of On-Chip Program ROM 
(TMS320C25) 


@ 128K Words of Data/Program Space 

@® 32-Bit ALU/Accumulator 

@® 16 x 16-Bit Multiplier with a 32-Bit Product 
© 

e 


Block Moves for Data/Program Management | 


Repeat Instructions for Efficient Use of 
Program Space 


@ Serial Port for Direct Codec Interface 


Synchronization Input for Synchronous 
Multiprocessor Configurations 


@ Wait States for Communication to Slow 
Off-Chip Memories/Peripherals 


On-Chip Timer for Control Operations 
Single 5-V Supply 


Packaging: 68-Pin PGA, PLCC, and 
CER-QUAD 


@ 68-to-28 Pin Conversion Adaptor Socket 
for EPROM Programming 


@ Commercial and Military Versions Available 
NMOS Technology: 


— TMS32020 ....... 200-ns cycle time 
@ CMOS Technology: 
— — TMS320C25 ...... 100-ns cycle time 
— TMS320E25 ...... 100-ns cycle time. 


— TMS320C25-50.... 80-ns cycle time 


This data sheet provides complete design 
documentation for the second-generation 
devices of the TMS320 family. This facilitates 
the selection of the devices best suited for user 
applications by providing all specifications and 
special features for each TMS320 member. This 
data sheet is divided into four major sections: 
architecture, electrical specifications (NMOS and 
CMOS), timing diagrams, and mechanical data. 
In each of these sections, generic information is 
presented first, followed by specific device 
information. An index is provided for quick 
reference to specific information about a device. 
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68-PIN GB PACKAGEt 
(TOP VIEW) 
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60H} JACK 
591} MSC 
58 i] CLKOUT1 
57{}] CLKOUT2 


Vss [10 
D711 
D6 I}12 
D513 


D4 {}14 56 |] XF 
D3}}15 55 |] HOLDA 
D2 {16 54 {} Dox 
D1qji7 53 [} Fsx 


DO {18 521} X2 CLKIN 


SYNC [19 51} x1 
INTO 50 [] BR 
INT1 49 {| STRB 
INT2 }22 48 (}R W 
Vec 23 47 {J Ps 
DR {24 46 fis 


FSR []25 45[} Ds 
AO {]26 44 Vss 
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 


TSee Pin Assignments Table and Pin Nomenclature Table 
(Page 2) for location and description of all pins. 


ADVANCE INFORMATION concerns new products in 
the sampling or preproduction phase of development. 
Characteristic data and other specifications are 
subject to change without notice. 
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PGA AND PLCC/CER-QUAD PIN ASSIGNMENTS 


FUNCTION FUNCTION FUNCTION FUNCTION FUNCTION FUNCTION | 


K1/26 | A12 K8/40 H1/22 | Vcc H2/23 
K2/28 | A13 19/41 1S J11/46]} Vcc L6/35 
L3/29 | A14 K9/42 Mct AG/1 Vss B1/10 
K3/30 | A15 L10/43 MSC C10/59| Vss K11/44 
L4/31 | BIO B7/68 J10/47} Vss L2/27. 


K4/32 | BR G11/50 B8/66 | XF_ D11/56 
L5/33 | CLKOUT1 C11/58 RS A8/65 | X1 G10/51 
K5/34 | CLKOUT2 D10/57 Ww H11/48| X2/CLKIN F11/52 
K6/36 | CLKR B9/64 H10/49 
L7/37 | CLKX A9/63 F2/19 
K7/38 | DO F1/18 A10/61 
L8/39 | D1 E2/17 B10/62 


TOn the TMS32020, MP/MC must be connected to Vcc. 


PIN NOMENCLATURE 


5-V supply pins 

Ground pins 

Output from internal oscillator for crystal 

Input to internal oscillator from crystal or external clock 

Master clock output (crystal or CLKIN frequency/4) 

A second clock output signal 

16-bit data bus D15 (MSB) through DO (LSB). Multiplexed between program, data, and I/O spaces. 
16-bit address bus A15 (MSB) through AO (LSB) | 

Program, data, and |/O space select signals 

Read/write signal 

Strobe signal 

Reset input 

External user interrupt inputs 

Microprocessor/microcomputer mode select pin 

Microstate complete signal 

Interrupt acknowledge signal 

Data ready input. Asserted by external logic when using slower devices to indicate that the current bus 
transaction is complete. 

Bus request signal. Asserted when the TMS320C2x requires access to an external global data memory 
space. 

External flag output (latched software-programmable signal) 

Hold input. When asserted, TMS320C2x goes into an idle mode and places the data, address, and 
control lines in the high impedance state. 

Hold acknowledge signal 

Synchronization input 

Branch control input. Polled by BIOZ instruction. 

Serial data receive input 

Clock for receive input for serial port 

Frame synchronization pulse for receive input 

Serial data transmit output 


Clock for transmit output for serial port . 


Frame synchronization pulse for transmit. Configurable as either an input or an output. 


+1/O/Z denotes input/output/high-impedance state. 
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description 


The TMS320 family of 16/32-bit single-chip digital signal processors combines the flexibility of a high- 
speed controller with the numerical capability of an array processor, thereby offering an inexpensive 
alternative to multichip bit-slice processors. The highly paralleled architecture and efficient instruction set 
provide speed and flexibility to produce a MOS microprocessor family that is capable of executing more 
than 12.5 MIPS (million instructions per second). The TMS320 family optimizes speed by implementing 
functions in hardware that other processors implement through microcode or software. This hardware- 
intensive approach provides the design engineer with processing power previously unavailable on a single 
chip. 


The TMS320 family consists of three generations of digital signal processors. The first generation contains 
the TMS32010 and its spinoffs. The second generation includes the TMS32020, TMS320C25, and 
TMS320E25, which are described in this data sheet. The TMS320C30 is a floating-point DSP device 
designed for even higher performance. Many features are common among the TMS320 processors. Specific 
features are added in each processor to provide different cost/performance tradeoffs. Software compatibility 
is maintained throughout the family to protect the user’s investment in architecture. Each processor has 
software and hardware tools to facilitate rapid design. | 


introduction 


The TMS32010, the first NMOS digital signal processor in the TMS320 family, was introduced in 1983. 
Its powerful instruction set, inherent flexibility, high-speed number-crunching capabilities, and innovative » 
architecture have made this high-performance, cost-effective processor the ideal solution to many 
telecommunications, computer, commercial, industrial, and military applications. Since that time, the 
TMS320C10, a low-power CMOS version of the industry-standard TMS32010, and other spinoff devices 
have been added to the first generation of the TMS320 family. 


The second generation of the TMS320 family (referred to as TMS320C2x) includes four members, the 
TMS32020, TMS320C25, TMS320C25-50, and TMS320E25. The architecture of these devices is based 
upon that of the TMS32010. 


The TMS32020, processed in NMOS technology, is source-code compatible with the TMS32010 and in 
many applications is capable of two times the throughput of the first-generation devices. Its enhanced 
instruction set (109 instructions), large on-chip data memory (544 words), large memory spaces, c::-chip 
serial port, and hardware timer make the TMS32020 a powerful addition to the TMS320 family. 


The TMS320C25 is the second member of the TMS320 second generation. It is processed in CMOS 
technology, is capable of an instruction cycle time of 100 ns, and is pin-for-pin and object-code compatible 
with the TMS32020. The TMS320C25’s enhanced feature set greatly increases the functionality of the 
device over the TMS32020. Enhancements include 24 additional instructions (133 total), eight auxiliary 
registers, an eight-level hardware stack, 4K words of on-chip program ROM, a bit-reversed indexed- 
addressing mode, and the low-power dissipation inherent to the CMOS process. An extended-temperature 
range version (TMS320C25GBA) for the device is also available. 


The TMS320C25-50 is a high-speed version of the TMS320C25. It is capable of an instruction cycle time 
of less than 80 ns. It is architecturally identical to the original 40-MHz version of the TMS320C25 and, 
thus, is pin-for-pin and object-code compatible with the TMS320C25. 


The TMS320E25 is identical to the TMS320C25, with the exception that the on-chip 4K-word program 
ROM is replaced with a 4K-word on-chip program EPROM. On-chip EPROM allows realtime code 
development and modification for immediate evaluation of system performance. 
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Key Features: TMS32020 
@® 200-ns Instruction Cycle Time 
@ 544 Words of On-Chip Data RAM 


@ 128K Words of Total Data/Program Memory 
Space 


@ Wait States for Communication to Slower 
Off-Chip Memories 


Source Code Compatible with the TMS320C1x 
Single-Cycle Multiply/A~cumulate Instructions 
Repeat Instructions 

Global Data Memory Interface 


Block Moves for Data/Program Management 


Five Auxiliary Registers with Dedicated 
Arithmetic Unit 


Serial Port for Multiprocessing or Interfacing 
to Codecs, Serial Analog-to-Digital 
Converters, etc. 


Key Features: TMS320C25, TMS320C25-50, TMS320E25 


@® 80-ns Instruction Cycle Time (TMS320C25-50) 
@ 100-ns Instruction Cycle Time (TMS320C25) 


@ 4K Words of On-Chip Secure Program EPROM | 


(TMS320E25) 


@ 4K Words of On-Chip Program ROM (TMS320C25) 


@ 544 Words of On-Chip RAM 


@ 128K Words of Total Program/Data Memory 
Space 


@ Wait States for Communications to Slower Off- 


Chip Memories 
@ Object-Code Compatible with the TMS32020 
@ Source-Code Compatible with TMS320C1x 


@ 24 Additional Instructions to Support 
Adaptive Filtering, FFTs, 
and Extended-Precision Arithmetic 


Block Moves for Data/Program Management 
Single-Cycle Multiply/Accumulate Instructions 


Eight Auxiliary Registers with Dedicated 
Arithmetic Unit 


@ Bit-Reversed Indexed-Addressing Mode for 
Radix-2 FFTs ; | 


@ Double-Buffered Serial Port 


INTERRUPTS 


+5V GND 


INTERRUPTS 


256-WORD ; 288-WORD 
DATA/PROG! DATA 
RAM |! RAM 


MULTI- 
PROCESSOR 


INTERFACE 
SERIAL 


On-Chip Clock Generator 

Single 5-V Supply 

NMOS Technology 

68-Pin Grid Array (PGA) Package 


+5 V- GND 


256-WORD | 288-WORD 
DATA/PROG; DATA 


DATA (16) 


RAM ' RAM 
MP/MC MULTI- 
4K-WORDS ROM/EPROM]] processor 
ae 
MULTIPLIER TERED GE 


32-BIT ALU/ACC 
SHIFTERS 
TIMER 


On-Chip Clock Generator 


SERIAL 
INTERFACE 


Single 5-V Supply 

Internal Security Mechanism (TMS320E25) 
68-to-28 Pin Conversion Adaptor Socket 
CMOS Technology 


68-Pin Grid Array (PGA) Package 
(TMS320C25) 


@ 68-Lead Plastic Leaded Chip Carrier (PLCC) 
Package (TMS320C25, TMS320C25-50) 


@ 68-Lead CER-QUAD Package (TMS320E25) 
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Table 1 provides an overview of the second-generation TMS320 processors with comparisons of memory, 
i/O, cycle timing, power, package type, technology, and military support. For specific availability, contact 
the nearest TI Field Sales Office. 


TABLE 1. TMS320 SECOND-GENERATION DEVICE OVERVIEW 


MEMORY a Typ PACKAGE 
ON-CHIP OFF-CHIP TIMER| TIME | POWER TYPE 
RAM ROM/EPROM| PROG DATA| SER PAR DMA (mw) |PGA PLCC CER-QUAD 
1 


Frusszazo® wos, | see | eax oan | ves 10 x10 ves| ves [ zoo | a0 fos — 
Frusszocas? cowosi [see x | eax eax | ves 16 x 16 con] ves | 100 | soo [eo es 
Prusszocas-soF owosy | see ax | eax eax | ves 16 x16 con] ves | oo | sw | ee 
Frusszoezs® cewosy [see ax | eax eax | ves 16 x 16 con] ves | 100 | so [- - oe 


TSER = serial; PAR = parallel; DMA = direct memory access; CON = concurrent DMA. 
+Military version available; contact nearest TI Field Sales Office for availability. 
§ Military version planned; contact nearest Ti Field Sales Office for details. 


architecture 


The TMS320 family utilizes a modified Harvard architecture for speed and flexibility. In a strict Harvard 
architecture, program and data memory lie in two separate spaces, permitting a full overlap of instruction 
fetch and execution. The TMS320 family’s modification of the Harvard architecture allows transfers 
between program and data spaces, thereby increasing the flexibility of the device. This modification permits 
coefficients stored in program memory to be read into the RAM, eliminating the need for a separate 
coefficient ROM. It also makes available immediate instructions and subroutines based on computed values. 


Increased throughput on the TMS320C2x devices for many DSP applications is accomplished by means 
of single-cycle multiply/accumulate instructions with a data move option, up to eight auxiliary registers 
with a dedicated arithmetic unit, and faster I/O necessary for data-intensive signal processing. 


The architectural design of the TMS320C2x emphasizes overall speed, communication, and flexibility in 
processor configuration. Control signals and instructions provide floating-point support, block-memory 
transfers, communication to slower off-chip devices, and multiprocessing implementations. 


32-bit ALU/accumulator 


The 32-bit Arithmetic Logic Unit (ALU) and accumulator perform a wide range of arithmetic and logical 
instructions, the majority of which execute in a single clock cycle. The ALU executes a variety of branch 
instructions dependent on the status of the ALU or a single bit in a word. These instructions provide the 
following capabilities: 


¢ Branch to an address specified by the accumulator 
¢ Normalize fixed-point numbers contained in the accumulator 
¢ Test a specified bit of a word in data memory. 


One input to the ALU is always provided from the accumulator, and the other input may be provided from 
the Product Register (PR) of the multiplier or the input scaling shifter which has fetched data from the 
RAM on the data bus. After the ALU has performed the arithmetic or logical operations, the result is stored 
in the accumulator. 


The 32-bit accumulator is split into two 16-bit segments for storage in data memory. Additional shifters 
at the output of the accumulator perform shifts while the data is being transferred to the data bus for 
storage. The contents of the accumulator remain unchanged. 
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functional block diagram (TMS320C2x) 
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Shifters on TMS32020 (0, 1, 4) 
NOTE: Shaded areas are for TMS320C25 only. 


LEGEND: : 
ACCH = Accumulator high (FR = Interrupt flag register PC = Program counter 
ACCL = Accumulator low IMR_—_= Interrupt mask register PFC = Prefetch counter 
ALU = Arithmetic logic unit IR = Instruction register RPTC = Repeat instruction counter 
ARAU = Auxiliary register arithmetic unit MCS = Microcall stack GREG = = Global memory allocation register 
ARB = Auxiliary register pointer buffer QIR = Queue instruction register RSR = Serial port receive shift register 
ARP = Auxiliary register pointer PR = Product register XSR = Serial port transmit shift register 
DP = Data memory page pointer PRD = Period register for timer ARO-AR7 = Auxiliary registers 
DRR-~ = Serial port data receive register TIM = Timer STO,ST1 = Status registers 
DXR_~~ = Serial port data transmit register TR = Temporary register Cc = Carry bit 
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scaling shifter 


The TMS320C2x scaling shifter has a 16-bit input connected to the data bus and a 32-bit output connected 
to the ALU. The scaling shifter produces a left shift of O to 16 bits on the input data, as programmed 
in the instruction. The LSBs of the output are filled with zeroes, and the MSBs may be either filled with 
zeroes or sign-extended, depending upon the status programmed into the SXM (sign-extension mode) bit 
of status register ST1. 


16 x 16-bit parallel multiplier 


The 16 x 16-bit hardware multiplier is capable of. computing a signed or unsigned 32-bit product in a 
single machine cycle. The multiplier has the following two associated registers: 


e A 16-bit Temporary Register (TR) that holds one of the operands for the multiplier, and 
e A 32-bit Product Register (PR) that holds the product. 


Incorporated into the instruction set are single-cycle multiply/accumulate instructions that allow both 
operands to be processed simultaneously. The data for these operations may reside anywhere in internal 
or external memory, and can be transferred to the multiplier each cycle via the program and data buses. 


Four product shift modes are available at the Product Register (PR) output that are useful when performing 
multiply/accumulate operations, fractional arithmetic, or justifying fractional products. 


timer 


The TMS320C2x provides a memory-mapped 16-bit timer for control operations. The on-chip timer (TIM) 
register is a down counter that is continuously clocked by CLKOUT1 on the TMS320C25. The timer is 
clocked by CLKOUT1/4 on the TMS32020. A timer interrupt (TINT) is generated every time the timer 
_ decrements to zero. The timer is reloaded with the value contained in the period (PRD) register within the 
next cycle after it reaches zero so that interrupts may be programmed to occur at regular intervals of 
PRD + 1 cycles of CLKOUT1 on the TMS320C25 or 4 x PRD x CLKOUT1 cycles on the TMS32020. 


memory control 


The TMS320C2x provides a total of 544 16-bit words of on-chip data RAM, divided into three separate 
blocks (BO, B1, and B2). Of the 544 words, 288 words (blocks B1 and B2) are always data memory, and 
256 words (block BO) are programmable as either data or program memory. A data memory size of 544 
words allows the TMS320C2x to handle a data array of 512 words (256 words if on-chip RAM is used 
for program memory), while still leaving 32 locations for intermediate storage. When using block BO as 
program memory, instructions can be downloaded from external program memory into on-chip RAM and 
then executed. 


When using on-chip program RAM, ROM, EPROM, or high-speed external program memory, the TMS320C2x 
runs at full speed without wait states. However, the READY line can be used to interface the TMS320C2x _ 
to slower, less-expensive external memory. Downloading programs from slow off-chip memory to on-chip 
program RAM speeds processing while cutting system costs. 


The TMS320C2x provides three separate address spaces for program memory, data memory, and 1/O. 
The on-chip memory is mapped into either the 64K-word data memory or program memory space, depending 
upon the memory configuration (see Figure 1). The CNFD (configure block BO as data memory) and CNFP 
(configure block BO as program memory) instructions allow dynamic configuration of the memory maps 
through software. Regardless of the configuration, the user may still execute from external program memory. 


The TMS320C2x has six registers that are mapped into the data memory space: a serial port data receive 
register, serial port data transmit register, timer register, period register, interrupt mask register, and global 
memory allocation register. 
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PROGRAM PROGRAM DATA 
0{0000h) INTERRUPTS 0(0000h) INTERRUPTS 0(0000h) ON-CHIP 
AND RESERVED AND RESERVED | MEMORY-MAPPED 
| (EXTERNAL) (ON-CHIP ROM/EPROM) REGISTERS 
31(001Fh) 31(001Fh) 5(0005h) 
32(0020h) 32(0020h) ON-CHIP 6(0006h) 
ROM/EPROM RESERVED PAGE 0 
4015(OFAFh) ; 95(005Fh) 
4016(OFBOh) 96(0060h) 
RESERVED acne 
4095(OFFFh) 127(007Fh) 
4096(1000h) 128(0080h) 
RESERVED PAGES 1-3 
| 511(01FFh) 
EXTERNAL EXTERNAL 512(0200h) ON-CHIP 
BLOCK BO PAGES 4-5 
767(02FFh) 
BLOCK B1 
1023(03FFh) 
1024(0400h) 
EXTERNAL PAGES 8-511 
65,535(OFFFFh) 65,535(OFFFFh) 65,535(OFFFFh) 
IF MP/MC = 1 IF MP/MC = 0 


(MICROPROCESSOR MODE) (MICROCOMPUTER MODE 


ON TMS320C25) 
(a) MEMORY MAPS AFTER A CNFD INSTRUCTION 


PROGRAM PROGRAM DATA 
0(0000h) | INTERRUPTS 0(0000h) | |NTERRUPTS re ON-CHIP 
AND RESERVED AND RESERVED MEMORY-MAPPED 
(EXTERNAL) (ON-CHIP ROM/EPROM) REGISTERS 
31(001Fh) 31(001Fh) 5(0005h) 
32(0020h) 32(0020h) ON-CHIP 6(0006h) 
Pet aaa RESERVED PAGE 0 
4015(OFAFh) 95(005Fh) 
4016(OFBOh) 96(0060h) Gncciae 
BLOCK B2 
4095(OFFFh) 127(007Fh) 
4096(1000h) 128(0080h) 
RESERVED PAGES 1-3 
511(01FFh) 
EXTERNAL EXTERNAL 512(0200h) beeNOK 
767(02FFh) 
768(0300h) ON-CHIP oe 
BLOCK B1 
65,279(OFEFFh) 65,279(OFEFFh) 1023(03FFh) 


65,280(OFFOOh) 65,280(OFFOOh) 1024(0400h) 


EXTERNAL PAGES 8-511 
65,535(OFFFFh) 


ON-CHIP 


BLOCK BO BLOCK BO 


65,535(OFFFFh) 65,535(OFFFFh) 


iF MP/MC = 0 | 
(MICROCOMPUTER MODE 
ON TMS320C25) 


IF MP/MC = i 
(MICROPROCESSOR MODE) 


(b) MEMORY MAPS AFTER A CNFP INSTRUCTION 


FIGURE 1. MEMORY MAPS 
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interrupts and subroutines 


The TMS320C2x has three external maskable user interrupts INT2-INTO, available for external devices that 
interrupt the processor. Internal interrupts are generated by the serial port (RINT and XINT), by the timer 
(TINT), and by the software interrupt (TRAP) instruction. Interrupts are prioritized with reset (RS) having 
the highest priority and the serial port transmit interrupt (XINT) having the lowest priority. All interrupt 
locations are on two-word boundaries so that branch instructions can be accommodated in those locations if desired. 


A built-in mechanism protects multicycle instructions from interrupts. If an interrupt occurs during a 
multicycle instruction, the interrupt is not processed until the instruction is completed. This mechanism 
applies to instructions that are repeated and to instructions that become multicycle due to the READY signal. 


external interface 


The TMS320C2x supports a wide range of system interfacing requirements. Program, data, and I/O address 
spaces provide interface to memory and I/O, thus maximizing system throughput. !/O design is simplified 
by having I/O treated the same way as memory. I/O devices are mapped into the I/O address space using 
the processor’s external address and data buses in the same manner as memory-mapped devices. Interface 
to memory and I/O devices of varying speeds is accomplished by using the READY line. When transactions 
are made with slower devices, the TMS320C2x processor waits until the other device completes its function 
and signals the processor via the READY line. Then, the TMS320C2x continues execution. 


A full-duplex serial port provides communication with serial devices, such as codecs, serial A/D converters, 
and other serial systems. The interface signals are compatible with codecs and many other serial devices 
with a minimum of external hardware. The serial port may also be used for intercommunication between 
processors in multiprocessing applications. 


The serial port has two memory-mapped registers: the data transmit register (ODXR) and the data receive 
register (DRR). Both registers operate in either the byte mode or 16-bit word mode, and may be accessed 
in the same manner as any other data memory location. Each register has an external clock, a framing 
synchronization pulse, and associated shift registers. One method of multiprocessing may be implemented 
by programming one device to transmit while the others are in the receive mode. The serial port on the 
TMS320C25 is double-buffered and fully static. , 


multiprocessing 


The flexibility of the TMS320C2x allows configurations to satisfy a wide range of system requirements 
and can be used as follows: 


A standalone processor 

A multiprocessor with devices in parallel 

A slave/host multiprocessor with global memory space 

A peripheral processor interfaced via processor-controlled signals to another device. 


For multiprocessing applications, the TMS320C2x has the capability of allocating global data memory space 
and communicating with that space via the BR (bus request) and READY control signals. Global memory 
is data memory shared by more than one processor. Global data memory access must be arbitrated. The 
8-bit memory-mapped GREG (global memory allocation register) specifies part of the TMS320C2x’s data 
memory as global external memory. The contents of the register determine the size of the global memory 
space. If the current instruction addresses an operand within that space, BR is asserted to request control 
of the bus. The length of the memory cycle is controlled by the READY line. 


The TMS320C2x supports DMA (direct memory access) to its external program/data memory using the 
HOLD and HOLDA signals. Another processor can take complete control of the TMS320C2x’s external 
memory by asserting HOLD low. This causes the TMS320C2x to place its address, data, and control linés 
in a high-impedance state, and assert HOLDA. On the TMS320C25, program execution from on-chip ROM 
may proceed concurrently when the device is in the hold mode. 
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instruction set 


The TMS320C2x microprocessor implements a comprehensive instruction set that supports both numeric- 
intensive signal processing operations as well as general-purpose applications, such as multiprocessing 
and high-speed control. The TMS32020 source code is upward-compatible with TMS320C25 source code. 
TMS32020 object code runs directly on the TMS320C25. 


For maximum throughput, the next instruction is prefetched while the current one is being executed. Since 
the same data lines are used to communicate to external data/program or I/O space, the number of cycles 
may vary depending upon whether the next data operand fetch is from internal or external memory. Highest 
throughput is achieved by maintaining data memory on-chip and using either internal or fast external program 
memory. 


addressing modes . 


The TMS320C2x instruction set provides three memory addressing modes: direct, indirect, and immediate 
addressing. 


Both direct and indirect addressing can be used to access data memory. In direct addressing, seven bits 
of the instruction word are concatenated with the nine bits of the data memory page pointer to form the 
16-bit data memory address. Indirect addressing accesses data memory through the auxiliary registers. 
In immediate addressing, the data is based on a portion of the instruction word(s). 


In direct memory addressing, the instruction word contains the lower seven bits of the data memory address. 
This field is concatenated with the nine bits of the data memory page pointer to form the full 16-bit address. 
Thus, memory is paged in the direct addressing mode with a total of 512 pages, each page containing 
128 words. 


Up to eight auxiliary registers (ARO-AR7) provide flexible and powerful indirect addressing (five on the 
TMS32020, eight on the TMS320C25). To select a specific auxiliary register, the Auxiliary Register Pointer 
(ARP) is loaded with a value from O to 7 for ARO through AR7, respectively. 


There are seven types of indirect addressing: auto-increment or auto-decrement, post-indexing by either 
adding or subtracting the contents of ARO, single indirect addressing with no increment or decrement, 
and bit-reversal addressing (used in FFTs on the TMS320C25 only) with increment or decrement. All 
operations are performed on the current auxiliary register in the same cycle as the original instruction, 
following which the current auxiliary register and ARP may be modified. 


repeat feature 


A repeat feature, used with instructions such as multiply/accumulates, block moves, I/O transfers, and 
table read/writes, allows a single instruction to be performed up to 256 times. The repeat counter (RPTC) 
is loaded with either a data memory value (RPT instruction) or an immediate value (RPTK instruction). The 
value of this operand is one less than the number of times that the next instruction is executed. Those 
instructions that are normally multicycle are pipelined when using the repeat feature, and effectively become 
single-cycle instructions. 


A-10 
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instruction set summary 


Table 2 lists the symbols and abbreviations used in Table 3, the TMS320C25 instruction set summary. 
Table 3 consists primarily of single-cycle, single-word instructions. Infrequently used branch, I/O, and CALL 
instructions are multicycle. The instruction set summary is arranged according to function and alphabetized 
within each functional grouping. The symbol (T) indicates those instructions that are not included in the 
TMS320C 1x instruction set. The symbol (+) indicates instructions that are not included in the TMS32020 
instruction set. 


TABLE 2. INSTRUCTION SYMBOLS 


sympou | MEANING 


4-bit field specifying a bit code 


2-bit field specifying compare mode 

Data memory address field 

Format status bit 

Addressing mode bit 

Immediate operand field 

Port address (PAO through PA15 are predefined 
assembler symbols equal to O through 15, respectively.) 
2-bit field specifying P register output shift code 
3-bit operand field specifying auxiliary register 
4-bit left-shift code 

3-bit accumulator left-shift field 
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TABLE 3. TMS320C25 INSTRUCTION SET SUMMARY 
ACCUMULATOR MEMORY REFERENCE INSTRUCTIONS 


NO. INSTRUCTION BIT CODE 
WORDS 


MNEMONIC DESCRIPTION 
1514131211109 876543210 

Absolute value of accumulator 
Add to accumulator with shift 
Add to accumulator with carry 
Add to high accumulator 
Add to accumulator short immediate 
Add to low accumulator with sign 
extension suppressed 
Add to accumulator with shift specified by 
T register 


Add to accumulator long immediate with shift 


AND with accumulator 

AND immediate with accumulator with shift 
Complement accumulator 

Load accumulator with shift 

Load accumulator immediate short 

Load accumulator with shift specified by T register 
Load accumulator long immediate with shift 
Negate accumulator 

Normalize contents of accumulator 

OR with accumulator 

OR immediate with accumulator with shift 
Rotate accumulator left 

Rotate accumulator right 

Store high accumulator with shift 

Store low accumulator with shift 

Subtract from accumulator long immediate with shift 
Shift accumulator left 

Shift accumulator right 

Subtract from accumulator with shift 
Subtract from accumulator with borrow 
Conditional subtract 

Subtract from high accumulator 

Subtract from accumulator short immediate 


ee ee ee Oe ee ee ee ee ee Oe ee 
-—- = = = ew Om @ 2B SS RB BSB BS wm SB er BS Sw eB SB OO QP S| = = 
ooo oo eoor Oo0o0ce fe Oo oO fF Ooo oOlLwrHR OC 


Subtract from low accumulator with sign 
extension suppressed 

Subtract from accumulator with shift specified by 
T register 

Exclusive-OR with accumulator 

Exclusive-OR immediate with accumulator with shift 
Zero accumulator 

Zero low accumulator and load high accumulator 
Zero low accumulator and load high accumulator 
with rounding 

Zero accumulator and load low accumulator with 


sign extension suppressed 


tThese instructions are not included in the TMS320C1x instruction set. 
These instructions are not included in the TMS32020 instruction set. 
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TABLE 3. TMS320C25 INSTRUCTION SET SUMMARY (CONTINUED) 


AUXILIARY REGISTERS AND DATA PAGE POINTER INSTRUCTIONS 


MNEMONIC DESCRIPTION , NO. INSTRUCTION BIT CODE 
WORDS 


1514131211109 876543 210 

Add to auxiliary register short immediate 
Compare auxiliary register with auxiliary register ARO 
Load auxiliary register 
Load auxiliary register short immediate 
Load auxiliary register pointer 
Load data memory page pointer 
Load data memory page pointer immediate 
Load auxiliary register long immediate #+R~ 0000000 0 
10 1) ————)———— 
—_—Re | + ———)D——_ 

—>——— TK 


Modify auxiliary register 


oo -27 002+ 0+ 0 


Store auxiliary register 


“2 St seg NOS Ss SS SS lc Cl 
ee ee ee eo ery 


7m pe oooooeoomlmUmrtlCUOUlUwS 
a = et oe OO = = CO = CO — 


jo) 


Subtract from auxiliary register short immediate 


T REGISTER, P REGISTER, AND MULTIPLY INSTRUCTIONS 


MNEMONIC DESCRIPTION NO. INSTRUCTION BIT CODE 
WORDS 


151413121110 9 6543210 


~ 
—_ 


Add P register to accumulator 

Load high P register 

Load T register 

Load T register and accumulate previous product 


oOo 00- 
oo0o = 
=_ = = © 


Load T register, accumulate previous product, 


and move data 

Load T register and store P register in accumulator 
Load T register and subtract previous product: 
Multiply and accumulate 

Multiply and accumulate with data move 

Multiply (with T register, store product in P register) 


oo--{—- 0-— 


Multiply and accumulate previous product 
Multiply immediate 

Multiply and subtract previous product 
Multiply unsigned 

Load accumulator with P register 
Subtract P register from accumulator 
Store high P register 

Store low P register 

Set P register output shift mode 000 1 0<@PMP 


Square and accumulate 


a ew eee oe oe oe ro ND 
eco-00+24-4.02 000000 
-O-7444-4-40000224-+20 
o-0++0002-442+420002 
=-=-O-=-000e2 
SR cells EG a hs Eat a te 
oO0O4444 4.240 
=O+-00-4 4 44 
o- 00-00 = = 
--o--oo-- 


Square and subtract previous product 


tThese instructions are not included in the TMS320C1x instruction set. 
+These instructions are not included in the TMS32020 instruction set. 
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TABLE 3. TMS320C25 INSTRUCTION SET SUMMARY (CONTINUED) 


BRANCH/CALL INSTRUCTIONS 


MNEMONIC BEEHISTIGN NO. INSTRUCTION BIT CODE 
: WORDS 


1514131211109 876543210 
11 #<*—\—)D—— > 
010010 1 


Ls) 


Branch unconditionally 

Branch to address specified by accumulator 
Branch on auxiliary register not zero 
Branch if TC bit # O 

Branch if TC bit = O 

Branch on carry 

Branch if accumulator => O 

Branch if accumulator > O 

Branch on I/O status 

Branch if accumulator 

Branch if accumulator 

Branch on no carry 

Branch if no overflow 

Branch if accumulator 

Branch on overflow 

Branch if accumulator 

Call subroutine indirect 

Call subroutine 


= NYO RFPNNH NN NNN NNN NNN DN = 
= —2 = = Oo. = —= = -= © Of 00+ 3 — 


oo oo oO ef eae fF OO fF OOO + - Oo 


0) 
; 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
) 
1 
fe) 


Ore O e@ 2 2 =2 = 2 =| =| = 2 2 2 = = CO = 
—~ mama -= Oodoodooej-oqoo0deoodoe-w--- — — 


; 
O 
1 
1 
1 
0 
1 
1 
1 
1 

4 
0 
1 
1 
1 
1 
0) 
1 
0 


ee ee) 


Return from subroutine 


- 1/0 AND DATA MEMORY OPERATIONS 


NO. INSTRUCTION BIT CODE 
DESCRIPTION 
WORDS 


1514131211109 876543210 


No 


Block move from data memory to data memory 
Block move from program memory to data memory 
Data move in data memory 

Format serial port registers 

Input data from port 

Output data to port 

Reset serial port frame synchronization mode 
Reset serial port transmit mode 

Reset external flag 

Set serial port frame synchronization mode 

Set serial port transmit mode 

Set external flag 

Table read 

Table write 


ee ee ee ee ee ee ee ee er ee © 
OOf =~ a aw ew om ow oe Om 
ee Se ee ee ee ee er Mr rn Very 
ooo oqo 00001 000+ 2 
m~-ooooocooo-"-+ 2 
(ome a wa a aa a 

-~0O0000000 

--oo0ooqoqo0c0cc0oco- -o- = 


= oe esata eek 
oor. 2-4 — — 


tThese instructions are not included in the TMS320C1x instruction set. 
+These instructions are not included in the TMS32020 instruction set. 
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TABLE 3. TMS320C25 INSTRUCTION SET SUMMARY (CONCLUDED) 


CONTROL INSTRUCTIONS 


MNEMONIC SERCHIRTION NO. INSTRUCTION BIT CODE 
WORDS 


1514131211109 876543210 
Test bit 
Test bit specified by T register 
Configure block as data memory 
Configure block as program memory 


t 


Disable interrupt 

Enable interrupt 

Idle until interrupt 

Load status register STO 

Load status register ST1 

No operation 

Pop top of stack to low accumulator 
Pop top of stack to data memory 
Push data memory value onto stack 
Push low accumulator onto stack 
Reset carry bit 

Reset hold mode 

Reset overflow mode 


I 
| 
0 
0 
0 
0 
0 
| 
| 
0 
6) 
| 
| 
O 
0 
0 
0 
I 


Repeat instruction as specified by data memory value 


| 


Repeat instruction as specified by immediate value 
Reset sign-extension mode . 
Reset test/control flag 

Set carry bit 

Set hold mode 

Set overflow mode 

Store status register STO 

Store status register ST1 

Set sign-extension mode 

Set test/control flag 


Fe ne ane re TOO COO” UO” Cs OO Cs Oe CO Rs Ss Oo ee So ee ee Ses Sr ee Ser ee 
Se ee a ee nO CU On CO Con Oe OC es ee Ce ee Oe ee eee ee 
ooorre 0O0o0o0ceo0cne0oe0oe0ce0o0ne0eMcerHer- oonononon°ongo7d oO 


oo0oofp]-00000000 0002027 +2000 002 2 
ee ee re ee ee” es ee ee ro oe ro co Oe Oe ee a o> ae i le em Ci i ir ir i @) 


= —= = Oo = 2 2 2p ow 2B we ew ese | Op -]S Oodcdrdrerrerwrr- = 
ooopro0coo0°corrH- OO OooOocno0ocer--- Ooaonoaeoe = 


= = -= © O- Mm =| = = OF OF = @ =a ~~ BSB OW-PW KB OD HF He eFeaete 
oo oO 7- ~- O 000 0 


Software interrupt 


TThese instructions are not included in the TMS320C1x instruction set. 
+These instructions are not included in the TMS32020 instruction set. 
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TMS32020 PRODUCT NOTIFICATION 


Instruments has identified an unusual set of circumstances that will cause the BIT (Test Bit) instruction 


on the TMS32020 to affect the contents of the accumulator; ideally, the BIT instruction should not affect the 
accumulator. This set of conditions is: 


1. The overflow mode is set (the OVM status register bit is set to one). 


2. And, the two LSBs of the BIT instruction opcode word are zero. 


a) When direct memory addressing is used, every fourth data word is affected; all other locations are 
not affected. 


b) When indirect addressing is used, the two LSBs will be zero if a new ARP is not selected or if a 
new ARP is selected and that ARP is O or 4. 


3. And, adding the contents of the accumulator with the contents of the addressed data memory 


location, shifted by 2 ‘bit code)’ causes an overflow of the accumulator. 


If all of these conditions are met, the contents of the accumulator will be replaced by the positive or negative 
saturation value, depending on the polarity of the overflow. 


Various methods for avoiding this phenomenon are available: 


If the TMS32020 is not in the saturation mode when the BIT instruction is executed, the device 
operates properly and the accumulator is not affected. 


Execute the Reset Overflow Mode (ROVM) instruction immediately prior to the BIT instruction and 
the Set Overflow Mode (SOVM) instruction immediately following the BIT instruction. 


If direct memory addressing is being used during the BIT instructions, reorganize memory so that 
the page relative locations O, 4, 8, C, 10.. are not used. 


If indirect addressing is being used during the BIT instruction, select a new ARP which is not ARO 
or AR4. If necessary, follow the instruction with a LARP ARO or LARP AR&4 to restore the code. 


Use the Test Bit Specified by T Register (BITT) instruction instead of the BIT instruction. The BITT 
instruction operates correctly and will not affect the accumulator under any circumstances. 


Replace TMS32020 with TMS320C25 for ideal pin-to-pin and object-code compatibility. The BIT 
instruction on the TMS320C25 executes properly and will not affect the accumulator under any 
circumstances. 


4 
TEXAS 
_INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


TMS320 SECOND-GENERATION 
DEVICES 


development support 


Together, Texas Instruments and its authorized third-party suppliers offer an extensive line of development 
support products to assist the user in all aspects of TMS320 second-generation-based design and 
development. These products range from development and application software to complete hardware 
development and evaluation systems. Table 4 lists the development support products for the second- 
generation TMS320 devices. : 


System development may begin with the use of the simulator, Software Development System (SWDS), 
or emulator (XDS) along with an assembler/linker. These tools give the TMS320 user various means of 
evaluation, from software simulation of the second-generation TMS320s (simulator) to full-speed in-circuit 
emulation with hardware and software breakpoint trace and timing capabilities (XDS). 


Software and hardware can be developed simultaneously by using the macro assembler/linker, C compiler, 
and simulator for software development, the XDS for hardware development, and the Software 
Development System for both software development and limited hardware development. 


Many third-party vendors offer additional development support for the second-generation TMS320s, 
including assembler/linkers, simulators, high-level languages, applications software, algorithm development 
tools, application boards, software development boards, and in-circuit emulators. Refer to the 7TM@S320 
Family Development Support Reference Guide (SPRUO11A) for further information about TMS320 
development support products offered by both Texas Instruments and its third-party suppliers. 


Additional support for the TMS320 products consists of an extensive library of product and applications 
documentation. Three-day DSP design workshops are offered by the TI Regional Technology Centers (RTCs). 
These workshops provide insight into the architecture and the instruction set of the second-generation 
TMS320Os as well as hands-on training with the TMS320 development tools. When technical questions 
arise regarding the TMS320 family, contact the Texas Instruments TMS320 Hotline at (713) 274-2320. 
Or, keep informed on the latest Tl and third-party development support tools by accessing the DSP Bulletin 
Board Service (BBS) at (713) 274-2323. The BBS serves 2400-, 1200- and 300-bps modems. Also, 
TMS320 application source code may be downloaded from the BBS. 
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TABLE 4. TMS320 SECOND-GENERATION SOFTWARE AND HARDWARE SUPPORT 


SOFTWARE TOOLS PART NUMBER 


Macro Assembler/Linker 
_IBM MS/PC-DOS TMDS3242850-02 
VAX/VMS TMDS3242250-08 
VAX ULTRIX TMDS3242260-08 
SUN UNIX TMDS3242550-08 


Simulator 
IBM MS/PC-DOS TMDS3242851-02 
VAX/VMS TMDS3242251-08 


C Compiler 
IBM MS/PC-DOS TMDX3242855-02 
VAX/VMS TMDX3242255-08 
VAX ULTRIX TMDX3242265-08 
SUN UNIX TMDX3242555-08 


Digital Filter Design Package (DFDP) 
IBM PC-DOS DFDP-IBMO002 


DSP Software Library | 
IBM MS/PC-DOS . TMDC3240812-12 
VAX/VMS | | T™TMDC3240212-18 


HARDWARE TOOLS PART NUMBER 


Analog Interface Board 2 (AIB2) RTC/AIB320A-06 


Analog Interface Board Adaptor RTC/ADP320A-06 


EPROM Programmer Adaptor Socket 
(68 to 28-pin) TMDX3270120 


Software Development System (SWDS) TMDX3268821 
XDS/22 Emulator (see Note) TMDS3262221 


XDS/22 Upgrade 
(TMS32020 to TMS320C2x) TMDX3282226 


NOTE: Emulation support for the TMS320C25-50 is available from 
Macrochip Research, Inc.; refer to the 7M@S320 Family 
Development Support Reference Guide (SPRUOQ11A) for the 
mailing address. 


4 
A-18 TEXAS * 
| INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


TMS320 SECOND-GENERATION 
DEVICES 


documentation support 


Extensive documentation supports the second-generation TMS320 devices from product announcement 
through applications development. The types of documentation include data sheets with design 
specifications, complete user’s guides, and 750 pages of application reports published in the book, Digita/ 
Signal Processing Applications with the TMS320 Family (SPRAO12A). An application report, Hardware 
Interfacing to the TMS320C25 (SPRAO14A), is available for that device. 


A series of DSP textbooks is being published by Prentice-Hall and John Wiley & Sons to support digital 
signal processing research and education. The TMS320 newsletter, Details on Signal Processing, is published 
quarterly and distributed to update TMS320 customers on product information. The TMS320 DSP bulletin 
board service provides access to large amounts of information pertaining to the TMS320 family. 


Refer to the 7M@S320 Family Development Support Reference Guide (SPRUO1 1A) for further information 
about TMS320 documentation. To receive copies of second-generation TMS320 literature, call the 
Customer Response Center at 1-800-232-3200. 


specification overview 


The electrical specifications for the TMS32020, TMS320C25, TMS320E25, and TMS320C25-50 are given 
in the following pages. Note that the electrical specifications for the the TMS320E25 are identical to those 
for the TMS320C25, with the addition of EPROM-related specifications. A summary of differences between 
TMS320C25 and TMS320C25-50 specifications immediately follows the TMS320C25-50 specification. 


4 
TEXAS A-19 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


TMS32020 


absolute maximum ratings over specified temperature range (unless otherwise noted) Tt 


Supply voltage range, VCCT .. 1... eee ee eee ees —-O.3Vto7V 
TADUT VOILA OC [RANG O <5 555 5p 5 sarestctc carer ah ee ta er cates. © de Bn Tae Tah ivan at @ Abd aee we RUN -O0.3Vto7V 
Outout voltage: ange: 2 06.463 a ee a A at Be a Saws -O0.3Vto7V 
Continuous power dissipation .......0.0.0.0 00.0... ee ee eee 2.0 W 
Operating free-air temperature range ....... 20.2... ee ees 0°C to 70°C 
Storage: temperature: range: »s.6 hs ee Pe ee Saree 2h EAH ws EER ES SAE —55°C to 150°C 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

Fal voltage values are with respect to Vss. 


recommended operating conditions 

Vcc Supply voltage 4.75 5 5.25 

Vss_ Supply voltage are: a ee 
All inputs except CLKIN 2 | Vcc +0.3 

erg aren ere actos | v_| 
CLKIN 2.4 Vect03 [ Vi 
All input t CLKIN -0.3 0.8 

to daa Vv 
CLKIN -—0.3 : 

lIoH High-level output current 


lou Low-level output current 
Ta Operating free-air temperature (see Notes 1 and 2) 0 70 


NOTES: 1. Case temperature (Tc) must be maintained below 90°C. 
2. Rega = 36°C/Watt, Rejc = 6°C/Watt. 


electrical characteristics over specified free-air temperature range (unless otherwise noted) 


Vec = MIN, Ion = MAX 
Voc = MIN, Io, = MAX 
P_Input current Sid SSC = VggtoVog.SSSCSCSCS~S~C—SCSCS =O SSCS~SO YT 
| 
icc Supply current 
| Tc = 90°C, Vcc = MAX, fx = MAX 285 
[Er input capacitance SOP OSOS—SSCSCSC‘CSC~‘~CS~S~*~*YSSCSCSCSC*SSS 
[Co Output capacitance | —SSOSC—~—SSSOSOSSCSCSCSC“‘“‘“‘“SSSCSCSCSC~‘iSCSCSC 


TAIl typical values are at Vcc = 5 V, Ta = 25°C. 


y 


( y 4 Caution. This device contains circuits to protect its inputs and outputs against damage due to high static voltages or electrostatic 

fields. These circuits have been qualified to protect this device against electrostatic discharges (ESD) of up to 2 kV according 
to MIL-STD-883C, Method 3015; however, it is advised that precautions be taken to avoid application of any voltage higher than maximum 
rated voltages to these high-impedance circuits. During storage or handling, the device leads should be shorted together or the device 
should be placed in conductive foam. In a circuit, unused inputs should always be connected to an appropriate logic voltage level, preferably 
either Vcc or ground. Specific guidelines for handling devices of this type are contained in the publication ‘‘Guidelines for Handling Electrostatic- 
Discharge Sensitive (ESDS) Devices and Assemblies”’ available from Texas Instruments. 
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CLOCK CHARACTERISTICS AND TIMING 


The TMS32020 can use either its internal oscillator or an external frequency source for a clock. 


internal clock option 


The internal oscillator is enabled by connecting a crystal across X1 and X2/CLKIN (see Figure 2). The 
frequency of CLKOUT1 is one-fourth the crystal fundamental frequency. The crystal should be fundamental 
mode, and parallel resonant, with an effective series resistance of 30 ohms, a power dissipation of 1 mW, 
and be specified at a load capacitance of 20 pF. 


TValue derived from characterization data; minimum fs, at test = 825 kHz. 


CRYSTAL 


C1 U C2 
a 7 


FIGURE 2. INTERNAL CLOCK OPTION 


external clock option 
An external frequency source can be used by injecting the frequency directly into X2/CLKIN with X11 left 
unconnected. The external frequency injected must conform to the specifications listed in the following table. 


switching characteristics over recommended operating conditions (see Note 3) 


PARAMETER MIN TYP MAX UNIT 
te(C) CLKOUT1/CLKOUT2 cycle time ~ 195 597 
10 


td(CIH-C) CLKIN high to CLKOUT1/CLKOUT2/STRB high/low | 25 sis” 
tH(C) CLKOUT1/CLKOUT2/STRB fall time Pt 


iw(ciy_GLKOUTI/CLKOUT? tow pulse duration ———S—SSCSC~C~SCSCSCSCSCSCSCS~S BGP 
a-10 a _a+i0 


NOTE 3: Q = 1/4tg(c). 
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timing requirements over recommended operating conditions (see Note 3) 


te(Cl) CLKIN cycle time 
te(Cl) CLKIN fall time 
tric) CLKIN rise time 


tw(Cit) CLKIN low pulse duration, tg(c}) = 50 ns (see Note 4) 
tw(CIH) CLKIN high pulse duration, te(c}) = 50 ns (see Note 4) 
tsu(S) | SYNC setup time before CLKIN low 

this) SYNC hold time from CLKIN low 


tValue derived from characterization data and not tested. 
NOTES: 3. Q = 1/4tg(¢). 
4. CLKIN duty cycle. [tr(c}) + tw(CiH)]/tc(cl) must be within 40-60%. 


2.15 V 


Ry = 8250 


FROM OUTPUT 
UNDER TEST TEST 
POINT 


T° = 100 pF 


FIGURE 3. TEST LOAD CIRCUIT 


2.0V— 
0.92 V~ a ee ea ae Sas 


(a) INPUT 


2.4V— 

—— omen MIN 
22Ve = OH (MIN) 
0.8 V™ 


(b) OUTPUTS 
FIGURE 4. VOLTAGE REFERENCE LEVELS 
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MEMORY AND PERIPHERAL INTERFACE TIMING 


switching characteristics over recommended operating conditions (see Note 3) 
PARAMETER . 


th(D)W Data write hold time from STRB high 
ten(D) Data bus starts being driven after STRB low (write cycle) of 


tdis(D) Data bus three-state after STRB high (write cycle) 


ta(MSC) MSC valid from CLKOUT1 —25 


*Value derived from characterization data and not tested. 
NOTES: 3. Q = 1/4tg(cC), 
5. A15-A0, PS, DS, IS, R/W, and BR timings are all included in timings referenced as ‘‘address."’ 
6. Delays between CLKOUT1/CLKOUT2 edges and STRB edges track each other, resulting in twi(s_) and tw(SH) being 20 
with no wait states. 


timing requirements over recommended operating conditions (see Note 3) 


i ox | nr 
tal(A Read data access time from address time (read cycle, see Notes 5 and 7) 30-704 


Lins | 
| tsyiD)R Data read setup time before STAB high | ns 
| thor Data read hold time from STAB high | ts 
| tajsin) READY valid after STRB low (no wait states) | 40 ns 
| tayC2H-R) READY valid after CLKOUTZ high 40 ns 

2 [ns 
| thic2H-R) READY hold after CLKOUT2 high Bs 
| tgM-R) READY valid after MSC valid 280s 
| thiv-R) READY holdtime after MSC vaid | ns 


tValue derived from characterization data and not tested. 

NOTES: 3. Q = 1/4tg(c). 
5. A15-A0, PS, DS, IS, R/W, and BR timings are all included in timings referenced as ‘‘address.’’ 
7. Read data access time is defined as ta;aA) = tsu(A) + tw(SL) — tsu(D)R- 


th(SL-R) _ READY hold time after STRB low (no wait states) ess. 
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RS, INT, BIO, AND XF TIMING 


switching characteristics over recommended operating conditions (see Notes 3 and 8) 


| PARAMETER MIN TYP 


ta(RS) CLKOUT1 low to reset state entered PB 
_ td(IACK) CLKOUT1 to IACK valid -—25 6) 25 
td(XF) XF valid before falling edge of STRB 


NOTES: 3. Q = 1/4tgc). 
8. RS, INT, and BIO are asynchronous inputs and can occur at any time during a clock cycle. However, if the specified setup 
time is met, the exact sequence shown in the timing diagrams will occur. 


timing requirements over recommended operating conditions (see Notes 3 and 8) 


tw(iN) INT/BIO low pulse duration 


tw(RS) RS low pulse duration 


*Value derived from characterization data and not tested. 
NOTES: 3. Q = 1/4tg(c). 
~ 8. RS, INT, and BIO are asynchronous inputs and can occur at any time during a clock cycle. However, if the specified setup 
time is met, the exact sequence shown in the timing diagrams will occur. | 


HOLD TIMING 


switching characteristics over recommended operating conditions (see Note 3) 


td(C1L-AL) | HOLDA low after CLKOUT1 low —25+ 25 
facnian RODMAN 


tValue derived from characterization data and not tested. 
_ NOTES: 3. Q = 1/4tg(c). 


9. A15-AO, PS, DS, IS, STRB, and R/W timings are all included in timings referenced as ‘‘address."’ 


timing requirements over recommended operating conditions (see Note 3) 


NOTE 3: Q = 1/4tg¢). 
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SERIAL PORT TIMING 


switching characteristics over recommended operating conditions (see Note 3) 


NOTES: 3. Q = 1/4tgc). 
10. The last occurrence of FSX falling and CLKX rising. 


timing requirements over recommended operating conditions (see Note 3) 


te(SCK) Serial port clock (CLKX/CLKR) cycle time 390 
tf(SCK) __ Serial port clock (CLKX/CLKR) fall time 
tr(SCkK) __ Serial port clock (CLKX/CLKR) rise time 


tw(SCK) Serial port clock (CLKX/CLKR) low pulse duration (see Note 11) 


[inies) _FSKIFSR hold ime afer CLIDUCLKR faling edge (TXM = 0) «dt 


th(DR) DR hold time after CLKR falling edge 


tValue derived from characterization data; minimum fs, at test = 825 kHz. 
tValue derived from characterization data and not tested. 
NOTES: 3. Q = 1/4tg¢). 

11. The duty cycle of the serial port clock must be within 40-60%. 
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absolute maximum ratings over specified temperature range (unless otherwise noted) T 


Supply voltage range, VCCt .. 0. ee eee eee eens -0.3Vto7V 
Input voltage range: TMS320E25 pins 24 and 25......... 0... eee -0.3Vto 15 V 

AIV-GtNer INDUS 6.3)2-4-ses. 96 ol ares SO ee oe ea ees —-0.3 Vto7V 
Output voltage range..... cafe i te ve Meck Si ae Aa OF Ea Be race nok ONG hee hh ear ee —-O0.3Vto7V 
Continuous power dissipation ....... 20... 0 ccc eee ee eee eee eee 1.5 W 
Operating free-air temperature range ... 1... 0. . te ee eee eee 0°C to 70°C 
Storage temperature range ..... 0.0.0... et ee ee ee eee nes —55°C to 150°C 


T Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. . 

All voltage values are with respect to Vss. 


recommended operating conditions | 
in ox 
: 

| 

ae ee 


lon High-level output current 
lo. Low-level output current 


TMS320C25, TMS320E25 
Ta Operating free-air temperature LLMS320C25. TMS320E25 
A Mperating lree-air temperatore | TMS320C25GBA ~40 85 


PARAMETER TEST CONDITIONS MIN TYPS MAX | UNIT 
VOH_ High-level output voltage Vcc = MIN, Ion = MAX 
VoL Low-level output voltage Voc = MIN, lol = MAX 0.3 0.6 


4 
Iz Three-state current Vcc = MAX - 20 20 
__Input current Vi = Vss to Vcc | p=100 10 | A 


[Norma 110185 
Icc Supply current Ta = 0°C, Vcc = MAX, fy = MAX 
Idle/HOLD 


Co Output capacitance | 


SAll typical values are at Vcc = 5 V, Ta = 25°C. 


y 


( 4 Caution. This device contains circuits to protect its inputs and outputs against damage due to high static voltages or electrostatic 

fields. These circuits have been qualified to protect this device against electrostatic discharges (ESD) of up to 2 kV according 
to MIL-STD-883C, Method 3015; however, it is advised that precautions be taken to avoid application of any voltage higher than maximum 
rated voltages to these high-impedance circuits. During storage or handling, the device leads should be shorted together or the device 
should be placed in conductive foam. In a circuit, unused inputs should always be connected to an appropriate logic voltage level, preferably 
either Vcc or ground. Specific guidelines for handling devices of this type are contained in the publication ‘’Guidelines for Handling Electrostatic- 
Discharge Sensitive (ESDS) Devices and Assemblies’’ available from Texas Instruments. 
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CLOCK CHARACTERISTICS AND TIMING 


The TMS320C25 can use either its internal oscillator or an external frequency source for a clock. 
internal clock option 


The internal oscillator is enabled by connecting a crystal across X1 and X2/CLKIN (see Figure 2). The 
frequency of CLKOUT1 is one-fourth the crystal fundamental frequency. The crystal should be either 
fundamental or overtone mode, and parallel resonant, with an effective series resistance of 30 ohms, a 
power dissipation of 1 mW, and be specified at a load capacitance of 20 pF. Note that overtone crystals 
require an additional tuned LC circuit; see the application report, Hardware Interfacing to the TMS320C25 
(SPRAO14A). 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
fy . Input clock frequency 6.7 40.96 MHz 


ts Serial port frequency Ta = O° to 70°C of 5,120 kHz 


TThe serial port was tested at a minimum frequency of 1.25 MHz. However, the serial port was fully static but will properly function down 
to fsx = O Hz. 


CRYSTAL 


. U 
T T C2 


FIGURE 2. INTERNAL CLOCK OPTION 


external clock option 


An external frequency source can be used by injecting the frequency directly into X2/CLKIN with X11 left 
unconnected. The external frequency injected must conform to the specifications listed in the following table. 


switching characteristics over recommended operating conditions (see Note 3) 


tt(C) CLKOUT 1/CLKOUT2/STRB fall time 


tr(C) CLKOUT1/CLKOUT2/STRB rise time 
tw(CL) CLKOUT 1/CLKOUT2 low pulse duration Q-s8 20 20+8 
tw(CH) CLKOUT1/CLKOUT2 high pulse duration Q-8 2Q 20+8 


ta(C1-C2) CLKOUT1 high to CLKOUT2 low, CLKOUTZ2 high to CLKOUT1 high, etc. Q-5 Q Q+5 


NOTE 3: Q = 1/4tgc). 
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timing requirements over recommended operating conditions (see Note 3) 


tric) CLKIN rise time 
tw(CIL) CLKIN low pulse duration, tc(cj) = 50 ns (see Note 4) 
tw(CIH) CLKIN high pulse duration, tc(cj) = 50 ns (see Note 4) 
tsu(S) _ SYNC setup time before CKLIN low 

this) | SYNC hold time from CLKIN low 


tValue derived from characterization data and not tested. 
NOTES: 3. Q= 1/4te(¢C)- 
4. CLKIN duty cycle [tr(cy) + tw(CIH)!/tc(c}) Must be within 40-60%. 


TMS320C25 +5V Pde 
S10 ko 
74HC04 
544 4.7 kQ 
CLKIN e <i 
74AS04 Sone 
47 pF 10 kQ 0.1 pF 
- @ a 
| | 


TMS320C25 


TMS320C25-50 
TMS320E25 


FIGURE 3. EXTERNAL CLOCK OPTION 


Shown above is a crystal oscillator circuit suitable for providing the input clock signal to the TMS320C25, 
TMS320E25, and TMS320C25-50. Please refer to Hardware Interfacing to the TMS320C25 (document 
number SPRAO14A) for details on circuit operation. 


2.15 V 


Ry = 8252 


FROM OUTPUT 
UNDER TEST . TEST 
POINT 


T° = 100 pF 


FIGURE 4. TEST LOAD CIRCUIT 
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re es a ce vis ——-— Vin (MIN) 2.4V— sao Von (MIN) 


ee oe ee 0.8 V—~ 
=—— SET T= Vit (MAX) o6v- —— oo Vor (MAX) 


(a) INPUT (b) OUTPUTS 
FIGURE 5. VOLTAGE REFERENCE LEVELS 


MEMORY AND PERIPHERAL INTERFACE TIMING 


switching characteristics over recommended operating conditions (see Note 3) 


PARAMETER 
tq(C1-S) STRB from CLKOUT1 (if STRB is present) Q-6 Q Q+6 
tg(C2-§) CLKOUT2 to STRE (if STAB is present) | -6 COCO 
tsu(A) Address setup time before STRB low (see Note 5) 


+Value derived from characterization data and not tested. 
NOTES: 3. Q = 1/4tc(C). 
5. A15-A0, PS, DS, IS, R/W, and BR timings are all included in timings referenced as ‘‘address.”’ 
6. Delays between CLKOUT1/CLKOUT 2 edges and STRB edges track each other, resulting in tw(S_) and tw(SH) being 20 with 
no wait states. 


timing requirements over recommended operating conditions (see Note 3) 


th(SL-R) | READY hold time after STRB low (no wait states) 
thi(C2H-R) READY hold after CLKOUT2 high 


— td(M-R) READY valid after MSC valid — 20-25 
thiM-R) READY hold time after MSC valid _ aa 


NOTES: 3. Q = 1/4tg¢). 
5. A15-A0, PS, DS, IS, R/W, and BR timings are all included in timings referenced as ‘‘address."’ 
7. Read data access time is defined as ta(a) = tsu(A) + tw(SL) — tsu(D)R- 
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RS, INT, BIO, and XF TIMING 


switching characteristics over recommended operating conditions (see Notes 3 and 8) 


| tyins) __CLKOUT1 low toresetstate entered =| Tons 
| tywack) CLKOUTItoTACK valid CT Bs 
taixF XF valid before falling edge of STRB | fa-15 «| ns _| 


+Value derived from characterization data and not tested. 
NOTES: 3. Q = 1/4te¢(C). 
8. RS, INT, and BIO are asynchronous inputs and can occur at any time during a clock cycle. However, if the specified setup 
time is met, the exact sequence shown in the timing diagrams will occur. 


timing requirements over recommended operating conditions (see Notes 3 and 8) 


twiRS RS low pulse duration 


+Value derived from characterization data and not tested. 
NOTES: 3. Q = 1/4tc(C). 
8. RS, INT, and BIO are asynchronous inputs and can occur at any time during a clock cycle. However, if the specified setup time 
is met, the exact sequence shown in the timing diagrams will occur. . 


HOLD TIMING 


switching characteristics over recommended operating conditions (see Note 3) 


PARAMETER MIN TYP MAX 
o. 


Traictan) FOUR tw afer ckouTiow —SSOSCSC“sSCSisSCO 
Digi ii a) MOOR enemies a eee 
si 

FOU is 


~ ten(A-C1L) Address driven before CLKOUT1 low (HOLD mode, see Note 9) 


+Value derived from characterization data and not tested. 
NOTES: 3. Q = 1/4tc(C). mn 
9. A15-A0, PS, DS, IS, STRB, and R/W timings are all included in timings referenced as ‘‘address.’’ 


timing requirements over recommended operating conditions (see Note 3) 


ee 
td(C2H-H) HOLD valid after CLKOUT2 high P FP 2 | ons 


NOTE 3: Q = 1/4t,ic). 
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SERIAL PORT TIMING 


switching characteristics over recommended operating conditions (see Note 3) 


PARAMETER MIN TYP MAX 
td(CH-DX) _DX valid after CLKX rising edge (see Note 10) 


td(FL-DX) DX valid after FSX falling edge (TXM = O, see Note 10) 


td(CH-FS) FSX valid after CLKX rising edge (TXM = 1) P40 | 


NOTES: 3. Q = 1/4t,(¢). 
10. The last occurrence of FSX falling and CLKX rising. 


timing requirements over recommended operating conditions (see Note 3) 


te(SCK) Serial port clock (CLKX/CLKR) cycle time? | 20000 
tf(SCK) __ Serial port clock (CLKX/CLKR) fall time 


tr(SCK) Serial port clock (CLKX/CLKR) rise time : Po tT ons | 
tw(SCK) Serial port clock (CLKX/CLKR) low pulse duration (see Note 11) | 6800t—“‘éOSOSCSC‘*dL;Cnss 
tw(SCK) Serial port clock (CLKX/CLKR) high pulse duration (see Note 11) F 6 800—“(itstsé‘é‘édlCs 


tsu(FS) FSX/FSR setup time before CLKX/CLKR falling edge (TXM = OQ) 18 
th(FS) FSX/FSR hold time after CLKX/CLKR falling edge (TXM = 0) 
tsu(DR) DR setup time before CLKR falling edge 

20 


th(DR) DR hold time after CLKR falling edge 

TThe serial port was tested at a minimum frequency of 1.25 MHz. However, the serial port was fully static but will properly function down 
to fsx = 0 Hz. 

tValue derived from characterization data and not tested. 

NOTES: 3. Q = 1/4tg¢). 

11. The duty cycle of the serial port clock must be within 40-60%. 
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EPROM PROGRAMMING 
absolute maximum ratings over specified temperature range (unless otherwise noted) T 


Supply voltage range, Vpp?........... 0.00. eee eee eee teen eee —0.6 V to 15 V 
Input voltage range on pins 24 and 25.................--- aes ae ota ris, aed —-0.3 V to 15 V 


tStresses beyond those fisted under ’’Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions”’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

+All voltage values are with respect to GND. 


recommended operating conditions 


see NOM max 
. fi 


'| Vec Programming mode supply voltage (see Note 13) i 


Vcc Read mode supply voltage 4.75 5 5.25 
Vpp Programming mode supply voltage 12 : 
Vpp Read mode supply voltage (see Note 12) 


NOTES: 12. Vpp can be connected to Vcc directly (except in the program mode). Vcc supply current in this case would be Icc + Ipp. 
During programming, Vpp must be maintained at 12.5 V (+0.25 V). 
13. Vcc must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. This device must 
not be inserted into or removed from the board when Vpp of Vcc is applied. 


electrical characteristics over specified temperature range (unless otherwise noted) 


‘PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 


Vpp supply current 
IpP2 (during program pulse) Vpp = 13 V 30 50 


SAll typical values except for Ic¢c are at Vcc = 5 V, Ta = 25°C.. 


recommended timing requirements for programming, TA = 25°C, Vcc = 6 V, Vpp = 12.5 V 
(see Notes 14 and 15) 


tw(IPGM) Initial program pulse duration | ‘ 
tw(FPGM) Final pulse duration 2.85 78.75 
teulA) Address setup time ee ene irs 


.@) 


cing) Output diuabio uma hom @ SSCS | 
| ns | 


tsu(VCC) VCC setup time 
thi(A) Address hold time 
thiD) Data hold time 


IValue derived from characterization data and not tested. 
NOTES: 14. For all switching characteristics and timing measurements, input pulse levels are 0.40 V to 2.4 V and Vpp = 12.5 V + 
0.5 V during programming. 
15. Common test conditions apply for tgjg(G) except during programming. 
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absolute maximum ratings over specified temperature range (unless otherwise noted) Tt 


Supply voltage range, Vcc? .............005. ses Bist bl et esta Snee-Sice aon ct arte da fh et ae hs he op -0.3Vto7V 
INDUE VOITSGE! TANGO = s.4.8 seit oe aie eas ee a ware SS AO OS LN le DO OR -O0.3Vto7V 
Output Voltage Tange < vv Ace a.nd oe Mack eee ttieed 2 Ae Soden eae ee eas -O0.3Vto7V 
Continuous power dissipation ............. 0.000 Seiden ate noe Bettas a 1.5 W 
Operating free-air temperature range ..... 0... 2... ce ee ee ees 0°C to 70°C 
Storage temperature range ............ 0.00. ee ee ee eee eee —55°C to 150°C 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause damage to device. This is a stress rating only,and functional 
operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions’’ section 
of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

Ail voltage values are with respect to Vss. 


recommended operating conditions 


| MIN NOM MAX _ 

Vcc Supply voltage 
[Vss Supply voltage CSC~C—CSSCSCSCSCSCSCS SC‘ OSCSC~CSCS 
PON gs se ee on EO 


eS 

pMPIMC Oe —“—éi‘~iSC“ tT 
A 

mA 

era 


Vit Low-level input voltage 


4.7 

2. 

3. 

3 
CLKIN einer 8 
Other inputs a ond 
lIoH High-level output current 
lo. Low-level output current 


TA Operating free-air temperature 


PARAMETER _ TEST CONDITIONS 
VoH _ High-level output voltage Vcc =MIN, Ion =MAX x eae Fo 
VoL Low-level output voltage Vcc =MIN, Io, =MAX ee ee 
—20 20 


iz Three-state current Vcc = MAX 
i Input current Vi= Vss to Vcc -—10 10 


110 185 
! Supply current [Normal | Ta =0°C, V MAX, fy =MAX mA 


Eq Output capacitance (Sea a a aS! 


SAll typical values are at Vcc =5 V, Ta =25°C. 
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CLOCK CHARACTERISTICS AND TIMING 
The TMS320C25-50 can use either its internal oscillator or an external frequency source for a clock. 
internal clock option 


The internal oscillator is enabled by connecting a crystal accross X1 and X2, CLKIN. The frequency of 
CLKOUT1 is one-fourth the crystal fundamental frequency. The crystal should be in either fundamental 
or overtone mode, and parallel resonant, with an effective series resistance of 30 ohms, a power dissipation 
of 1 mW, and be specified at a load capacitance of 20 pF. Note that overtone crystals require an additional 
tuned LC circuit. 


PARAMETER TEST CONDITIONS 
fy Input clock frequency ‘ 


fsx Serial port frequency 
C1,C2 


TThe serial port was tested at a minimum frequency of 1.25 MHz. However, the serial port was fully static but will properly function down 


to fsx = O Hz. 
CRYSTAL 


aah T™ 


FIGURE 6. INTERNAL CLOCK OPTION 


external clock option 


} 
An external frequency source can be used by injecting the frequency directly into X2/CLKIN, with X1 left 
unconnected. The external frequency injected must conform to specifications listed in the following table. 


switching characteristics over recommended operating conditions (see Note 3) 


PARAMETER 


tg(CIH-C) CLKIN high to CLKOUT1, CLKOUT2, STRB high, low 


tc) CLKOUT1, CLKOUT2, STRE fall time Be te 


tr(C) CLKOUT1, CLKOUT2, STRB rise time 
tw(CL) CLKOUT1, CLKOUT2 low pulse duration 20-7 20 
tw(CH) | CLKOUT1, CLKOUT2 high pulse duration 20 20+3 


; CLKOUT1 high to CLKOUT2 low, 0-6 
d(C1-C2) ¢1 KQUT2 high to CLKOUT1 high, etc. 


NOTE 3: Q = 1/4 tcc). 
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FIGURE 7. EXTERNAL CLOCK OPTION 


timing requirements over recommended operating conditions (see Note 3) 


te(Cl) 
tr(Cl) 
tr(Cl) 


tw(CIL) 
tw(CIH) 
tsu(S) 
th(S) 


CLKIN cycle time 

CLKIN fall time 

CLKIN rise time 

CLKIN low pulse duration, tc(cj) = 50 ns (see Note 4) 
CLKIN high pulse duration, tc(c}) = 50 ns (see Note 4) 
SYNC setup time before CLKIN low 

SYNC hold time from CLKIN low 


tvValue derived from characterization data and not tested. 
NOTES: 3. Q = 1/4t(¢). 
4. CLKIN duty cycle [tr(cy) + twi(CiH)]/te(c}) Must be within 40-60%. 
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NOILVINYOANI JZODNVAGV 


1MS320C25-50 


MEMORY AND PERIPHERAL INTERFACE TIMING 


switching characteristics over recommended operating conditions (see Note 3) 


. 


to 
O}sO 
| 
o 
no 
QO 


PARAMETER MIN 
tg(C1-S) STRB from CLKOUT (if STRB is present 
tg(C2-S) CLKOUT2 to STRB (if STRB is present) 


tsu(A) Address setup time before STRB low (see Note 5) 


YP MAX | UNIT 


OQ 
ae ie 
Nj} 
O 
+ 
or} Ww 


tn(A) Address hold time after STRB high (see Note 5) -4 
tw(SL) STRB low pulse duration (no wait states, see Note 6) 
tw(SH) STRB high pulse duration (between consecutive cycles, see Note 6) Q 20+3# 


tsu(D)W Data write setup time before STRB high (no wait) 
thiD)W Data write hold time from STRB high 


o>) 


i) 

(@) 

| 

= | NO 
++ ~ 


ten(D) Data bus starts being driven after STRB low (write) 
tdis(D) Data bus three-state after STRB high, (write) Q a+15t 
td(MSC) MSC valid from CLKOUT1 


tValue derived from characterization data and not tested. 
NOTES: 3. Q= 1/4tg(C)- 


5. A15-A0, PS, DS, iS, R/W, and BR timings are all included in timings referenced as ‘‘address’’. 
6. Delay between CLKOUT1, CLKOUT2, and STRB edges track each other, resulting in tw(s_) and tw(SH) being 20 with no 
wait states. ; 


timing requirements over recommended operating conditions (see Note 3) 


UNIT 
ta(A) Read data access time from address time (see Notes 5 and 7) 30-30 
tsu(D)R Data read setup time before STRB high 
th(D)R Data read hold time from STRB high 
td(SL-R) READY valid after STRB low (no wait states) 
td(C2H-R) READY valid after CLKOUT2 high 


th(SL-R) READY hold time after STRB low (no wait states) 
td(C2H-R) READY valid after CLKOUTZ2 high 


td(M-R) READY valid after MSC valid 
th(M-R) READY hold time after MSC valid 


NOTES: 3. Q = 1/4 tec). 


5. A15-A0, PS, DS, IS, R/W, and BR timings are all included in timings referenced as ‘‘address’’. 
7. Read data access time is defined as ta(A) = tsu(A) + tw(SL) — tsu(D)R- 
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RS, INT, BIO, and XF TIMING 


switching characteristics over recommended operating conditions (see Notes 3 and 16) 


tValue derived from characterization data and not tested. 
NOTES: 3. Q = 1/4tgc). 
16. RS, INT, and BIO are asynchronous inputs and can occur at any time during a clock cycle. 


timing requirements over recommended operating conditions (see Notes 3 and 16) 


tax | 
T twany TN, B16, FS hold afer CKOUTI High_—SCSC~“~*~“‘“*S*~‘“‘“SSC 
S low p 


tw(RS) RS ulse duration 3tc(C) 


+Value derived from characterization data and not tested. 
NOTES: 3. Q = 1/4t.(¢c). 
16. RS, INT, and BIO are asynchronous inputs and can occur at any time during a clock cycle. 


| HOLD TIMING 
switching characteristics over recommended operating conditions (see Note 3) 


tdis(AL-A) _ HOLDA low to address three-state 


tdis(CIL-A) Address three-state after CLKOUT1 low (HOLD mode, see Note 17) 
td(HH-AH) HOLD high to HOLDA high 


ADVANCE INFORMATION 


*Value derived from characterization data and not tested. 
NOTES: 3. Q = 1/4tgc). 
17. A15-A0, PS, DS, STRB, and R/W timings are all included in timings referenced as ’’address’’. 


timing requirements over recommended operating conditions (see Note 3) 


NOTE 3: Q = 1/4tg(c). 
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SERIAL PORT TIMING 


switching characteristics over recommended operating conditions (see Note 3) 


td(FL-DX) 0X valid after falling edge (TXM = 0, see Note 18) 


td(CH-FS) FSX valid after CLKX raising edge (TXM = 1) 


NOTES: 3. Q = ‘%Mteic). 
18. The last occurrence of FSX falling and CLKX rising. 


timing requirements over recommended operating conditions (see Note 3) 


tc(SCK) _ Serial port clock (CLKX/CLKR) cycle timet | 1600 0 08 
tiSCK) _ Serial port clock (CLKX/CLKR) fall time 


tr(SCK) Serial port clock (CLKX/CLKR) rise time 25+ | ons 
tw(SCK) Serial port clock (CLKX/CLKR) low or high pulse duration (see Note 19) | 64 = =——<“i—i~sWY ess 


tsu(FS) FSX or FSR setup time before CLKX, CLKR falling edge (TXM = OQ) 
thiFS) FSX or FSR hold time after CLKX, CLKR falling edge (TXM = 0) 
tsu(DR) DR setup time before CLKR falling edge Pee ney wa oe eal 


th(DR) DR hold time after CLKR falling edge 
tThe serial port was tested at a minimum frequency of 1.25 kHz. However, the serial port was fully static but will properly function down 
to fsx = O Hz. 
*Value derived from characterization data and not tested. 
NOTES: 3. Q = 1/4tgc). 
19. The cycle of the serial port must be within 40%-60%. 


CONTRAST SUMMARY OF ELECTRICAL SPECIFICATIONS 


The following table presents electrical parameters which differ between TMS320C25 (40 MHz, 100 ns) 
and TMS320C25-50 (50 MHz, 80 ns). 


clock characteristics and timing 


PARAMETER TMS320C25 TMS320C25-50 
MIN YP MAX | MIN TYP MAX 


NOILVINHOANI JONVACV 
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memory and peripheral interface timing 


PARAMETER 


ta(C1-S) Q-6 
ta(C2-S) 
a- 


thiA) 


twi(SL) 
tw(SH) 


RS, INT, BIO, and XF timing 


1M 
PARAMETER $320C25 TMS320C25-50 UNIT 
MIN TYP MAX MIN TYP MAX 
-6 0 -—5 
22 


Pp taacky ts 
EA a a ee ee re PO at ee ele ee ge 
SUN ee ie a a ce ye 
DEON a ee ee 


HOLD timing 


PARAMETER 


td(C1L-AL) 
td(HH-AH) | | 
td(C2H-H) 


TMS320C25 TMS320C25-50 UNIT 
MIN TYP __MAX 
YP 


5 


serial port timing 


TYP MAX 
1 1 

PARAMETER TMS320C25 TMS320C25-50 
MIN T MAX MIN TYP MAX | 
O 
O 


: 
aicues) SCSCSCSCSCSSSCSCiSSC AO CSCSCSC~SO 
PMS) oe IO 
paws ee ee 
PeMORE ee Oe 


2 
Q-2 
4 
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TMS320 SECOND-GENERATION 
DEVICES 


TIMING DIAGRAMS 


This section contains all the timing diagrams for the TMS320 second- sgenetation devices. Refer to the top corner 
for the specific device. 


Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, 
unless otherwise noted. 


clock timing 


ro—te(ClI)—4 
—— ro fic) 


t#(Cl)——y rt 


X/2CLKIN | Ve | 
{ | 


| at t 
! ae fcr we ane tw(CIL) + wom 


| 
| ; 

: ——=+ td(CIH-C) eee ee ere 
h——tw(CL} ——4 | 

| 


| 
a dee | te(C) 
ci! Miilin:. cE 
t 
ahaa iE wich 


| | | 
CLKOUT2 | | 
-——tw(CH} ——= | i 


t | 
a 
be ta(C1-C2)—1 | bee tC 1-C2)H4 | | tos 
| rta(c1-c2)4 ol tic) 
= td(C1-C2)— re t£(C) 
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PS PS Cy aS SS LE a GER TE ES NRA BS STEER BE Ea NAST SR a ARS eT a Bei Tg i a DES Se PAPE ee 8 Ne ay Ee | 
memory read timing 
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CLKOUT1 | I 
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CLKOUT2 \ /\ \ | / 


A15-A0, 


an DE ne Ox) Or 
oe YY | VALID | OO, 
yl { 
aaa et 
R/W ROO | | be tsulD)R-= Oe 
— pw ‘d(St-R) 
a ie 
OXK KKK KK KKK KKK KK KKK CX / XxX XXXXKK KKK KKK XK \/ 
READY OXXXXXXXXXXXXRY RRRRKKXKXXXXXKXKK 


DATA 


memory write timing 


CLKOUT1 See ee 
CLKOUT2 \ / \ / 


A15-A0 vay a9, 
Paneth Or, KY 
seers Oy fo VALID RY 


= RX | XXKY 
RW RK ees 


£EADY ROR ORO CRON 


t 
tsuDw-t——— h(D)W 


D15-D0 | BRON 


os A 


| 
—el —=—~teni(D) tdis(D) 


4 
TEXAS A-41 
INSTRUMENTS | 


POST OFFICE BOX 1443 @ HOUSTON. TEXAS 77001 


TMS320 SECOND-GENERATION 
DEVICES 


one wait-state memory access timing 


CLKOUT1 No yUtC<—~—~CN OS  KeUti“‘i‘“—;C |] 
| 
| 
| 

CLKOUT2 | 


| P——"t thiC2H-R) 
A15-A0,BR 


‘ Vay, V/V 
PS,DS.R/W, AY VALID AY) 
sii 1% 0% 


| 
ca sa tac2H-R)-A be | 


OX XXX KKK) | OOK KOKO XK KOK KE ROX X KKK XXKK KK KKK KKK OM 
READY RRR AKC KERKR KR | | KKK XR 
[ | bai 
_ | betaim-R)- ; | ee [a thir 
D15-DO Ly thiM-R)——t | rm taim-R) | 
(FOR READ ee 
OPERATION) Ly It | | l 
D15-D0 : | 7" 
(FOR WRITE 
OPERATION) | 
| pI | | 
| [| | | 
| | VaVelaVavavavavalavavalalaVavaral:: VFI V/ 
— OXXAKKAKXKAKK AK KK O) 06.06 
MSC QO LR KRY RIKKI), 
i] 
| ~— t 
el Le tsiMSC) d(MSC) 
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reset timing 


CLKOUT1 


A15-A0 


D15-D0O 


CONTROL 
SIGNALS‘ 


SERIAL PORT 
CONTROLS + 


f 
| 
he tsu (IN) 


ne SENN iar Om 
RR KKK KKK KR 


| 

| 
"0° 0'0'0"0'0'0'0"0, 0 0'0°0'0 000 00:06: 00:0'0 0-006: 
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TControl signals are DS, IS, R/W, and XF. 
tSerial port controls are DX and FSX. 


| 
| 
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| th(IN) 
ta(RS) | 
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PROGRAM 
EXECUTION 
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interrupt timing (TMS32020) . 


CLKOUT1 | 
] 
y | 


| 
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eee | u 
STRB | | 
—>| tsu(IN) f 


i ae | —> e— thiIN) 


at, os It , 
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Coereeeeeeer 
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interrupt timing (TMS320C25) 


CLKOUT1 ! ! | . 


‘sutiny “4 — 


—~y be ta(IACK) 
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serial port receive timing 


f=—— tc(SCK) ——o 
| . 


[7 twiSCK) 
jttSCK)-y Fe 
‘ | | ! 
thiFS | It t 
ames | tf(SCK) —onf -— ! 
thiDRI—e} 
. 1 | bo—et- tw(SCK) 


7 | | 
beo— tsu(FS) —=} Lf-tsu(oR) 


KXXXKKXAAKKK KAKA OXKX OK) AXMXKXAKKAKAD 
OP OSEESORRIOI, DER BEER RES IREYY 


serial port transmit timing 


p——— tc (SCK) —— 
| Dos 
' —— triSCK) 


| 

| i | 

th(FS) +=} ttiSCK)—= Lw— 1 | 
1 

| 


FSX bob twiSCK) 
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be—tsu(FS) 1 | See 
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! tax) eA beeemt— td (CH-DX) 


—ol t es i 
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(OUTPUT, TXM = 1) 
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BIO timing 
ar “Sf ef NF NWF %.z 
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eae | 
STRB | 
FETCH © FETCH 


{| BRANCH ADDRESS NEXT INSTRUCTION 


A15-A0 


PC =N PC=N+1 
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= po than) OR BRANCH ADDRESS 
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external flag timing 
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BIO timing 
| 
| 
STRB | 
FETCH FETCH 
| BRANCH ADDRESS NEXT INSTRUCTION 
A15-A0 
PC =N PC=N+1 
tsu(IN) — pe , 
[eed PC=N+2 
po thin) OR BRANCH ADDRESS 
tas xX 6. XXX» xX xX XKXXK KKK XXX KK KKK KKK SK KKK KKK KKK XxX KKK X 
Em Wess ened seemoonoennneuvosomuoroonionnmunuonnnn 


external flag timing 
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HOLD timing (part A). 


Cee Nf Vs “SF ef X. 
| | 
| 
| 
CLKOUT2 | 


ee ty(C2H-H)! 


) ) ) xX] 
A15-A0 OX on N+ 1 Yy N+ 2 YY 


R/W 
, 7 Me taisic Lal 
| | 
D15-DO 
[ | 
| gud pt tdis(AL-A) 
{ 
HOLDA . | { ° 
—wl ke tyC1L-AL) 
N A 
FETCH — al N/A 
N - 1 DEAD 
EXECUTE N DUMMY 


THOLD is an asynchronous input and can occur at any time during a clock cycle. If the specified timing is met, the exact sequence shown 
will occur; otherwise, a delay of one CLKOUT2 cycle will occur. 
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HOLD timing (part B) 


eee MF “a “VF Gar 
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| 
| 
| ee tenia-CiL) 


—e pe ta (HH-AH) 
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HOLDA | | 
| 
| 
A15-A0 46 N +2 N+ 3 
eeltes XY 
gene N/A N/A N +2 N+ 3 
EXECUTE DEAD DEAD ~ N41 N +2 


THOLD is an asynchronous input and can occur at any time during a clock cycle. If the specified timing is met, the exact sequence shown 
will occur; otherwise, a delay of one CLKOUT2 cycle will occur. 
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HOLD timing (part A) 


a NP Le 


CLKOUT2 


A15-A0 


N N + 1 = = 


FETCH 


N- 2 = a 
EXECUTE N u x 


THOLD is an asynchronous input and can occur at any time during a clock cycle. If the specified timing is met, the exact sequence shown 
will occur; otherwise, a delay of one CLKOUT2 cycle will occur. 


| | 4 
A-50 TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON. TEXAS 77001 


TMS320C€25 


HOLD timing (part B) 
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THOLD is an asynchronous input and can occur at any time during a clock cycle. If the specified timing is met, the exact sequence shown 
will occur; otherwise, a delay of one CLKOUT2 cycle will occur. 
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lec, mA 


TYPICAL SUPPLY CURRENT CHARACTERISTICS FOR TMS320C25 


lec VS f(CLKIN) 2nd Voc Icc vs f(CLKIN) and Vcc 
Normal Operating Mode Powerdown Mode 
80 
Semen SKERSREEe 
Vcc = 5.25V 7 ec as : 
Vec = 5.00 Vv cc = 
Vec = 4.75 V AeA Vcc = 5.00 Vv 


\] 


pa ANN 
BEREAN 


Paco = 4.75 V 


Vec = 4.50 V 
ie Vcc = 4.50 V 


AR URRREES 
ee 


a 


Esc alle 
oe Pe 
A) 
1) 
1) 
| 
Pe eed 
ae es 
ars 
a 
ee 
in ee 
ERs 
ae ed 
ea ee 
ae an 


BK \SERER RRR 
pi 


BRRENNG 


FICLKIN)) MHz f(CLKIN)» MHz 


TMS320C25FNL (PLCC) reflow soldering precautions 


Recent tests have identified an industry-wide problem experienced by surface mounted devices exposed 
to reflow soldering temperatures. This problem involves a package cracking phenomenon sometimes 
experienced by large (e.g., 68-lead) plastic leaded chip carrier (PLCC) packages during surface mount 


‘manufacturing. This phenomenon can occur if the TMS320C25FNL is exposed to uncontrolled levels of 


humidity prior to reflow solder. This moisture can flash to steam during solder reflow, causing sufficient 
stress to crack the package and compromise device integrity. If the TMS320C25FNL is being socketed, 
no special handling precautions are required. In addition, once the device is soldered into the board, no 
special handling precautions are required. 


In order to minimize moisture absorption, Tl ships the TMS320C25FNL in ‘dry pack’’ shipping bags with 
a RH indicator card and moisture-absorbing desiccant. These moisture-barrier shipping bags will adequately 
block moisture transmission to allow shelf storage for 12 months from date of seal when stored at less 
than 60% relative humidity (RH) and less than 30°C. Devices may be stored outside the sealed bags 
indefinitely if stored at less than 25% RH and 30°C. 


Once the bag seal is broken, the devices should be stored at less than 60% RH and 30°C as well as reflow- 
soldered within two days of removal. In the event that either of the above conditions is not met, TI 
recommends these devices be baked in a clean oven at 125°C and 10% maximum RH for 24 hours. This 
restores the devices to their ‘‘dry packed”’ moisture level. 


NOTE 


Shipping tubes will not withstand the 125°C baking process. Devices should be transferred to a metal 
tray or tube before baking. Standard ESD precautions should be followed. 


In addition, Tl recommends that the reflow process not exceed two solder cycles and the temperature 
not exceed 220°C. 


_ If you have any additional questions or concerns, please contact your local Tl representative. 
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MECHANICAL DATA 
68-pin GB grid array ceramic package (TMS32020, TMS320C25) 


TOP VIEW 


28,448 (1.120) 
27,432 (1.080) 


17,02 (0.670) 
NOM | 


THERMAL RESISTANCE CHARACTERISTICS 
28,448 (1.120) 
PARAMETER | MAX! UNIT 27,432 (1.080) 
Junction-to-free-air 
ReJA 36 | °C/W 
thermal resistance 
Junction-to-cas 
thermal resistance 


17,02 (0.670) 
OM 


N 


4,953 (0.195) 
2,032 (0.080) 1,397 (0.055) 
Li j_ 
3,302 (0.130 0,508 (0.020)_,J|,_ UU toes DIA 
eae Eth CHET 0,406 (0.016) 1,473 (0.058) 
sis ca a BOTTOM VIEW 
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eee 
600 000000@O 1 nites 
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ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 


68-lead plastic leaded chip carrier package (TMS320C25 and TMS320C25-50) 


4,50 (0.177) 
4,24 (0.167) 
2,79 (0.110) 
2,41 (0.095) 
1,35 (0.053) . 
1.19 (0.047) 7° 


| 0,94 (0.037) 
: 0,69 (0.027) 
| 


| 
SEATING PLANE 


1,27 (0.050) T.P. 


(AT SEATING PLANE) 


0,25 (0.010) R MAX 
IN 3 PLACES 


(SEE NOTE B) 
23,62 (0.930) 25,27 (0.995) 
23,11 (0.910) 25,02 (0.985) 


24,33 (0.956) 
24,13 (0.950) 
(SEE NOTE A) 


1,22 (0.048) 


ee 
(SEE NOTE A) 1,07 (0.042) 


45 
24,33 (0.956) 


24,13 (0.950) 
25,27 (0.995) 


25,02 (0.985) 


0,81 (0.032) 


THERMAL RESISTANCE CHARACTERISTICS 


0,66 (0.026) 


TT 


fi (0.060) MIN 
Eises (0.025) MIN 


0,51 (0.020) __ |i 
0.36 (0.014) 


LEAD DETAIL 


Junction-to-free-air 
Raja 


thermal resistance 
Junction-to-case 


PARAMETER UNIT 
6 
1 


ReJc 


thermal resistance 


NOTES: A. Centerline of center pin, each side, is within 0,10 (0.004) of package centerline as determined by this dimension. 
B. Location of each pin is within 0,127 (0.005) of true position with respect to center pin on each side. 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


| WARNING 
When reflow soldering is required, refer to page 52 for special handling instructions. 
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MECHANICAL DATA 


68-lead FZ CER-QUAD, ceramic leaded chip carrier package (TMS320E25 only) 


This hermetically-sealed chip carrier package consists of a ceramic base, ceramic cap, and a 68-lead frame. 
Hermetic sealing is accomplished with glass. The FZ package is intended for both socket- or surface- 
mounting. Having a Sn/Pb ratio of 60/40, the tin/lead-coated leads do not require special cleaning or 


processing when being surface-mounted. 


3,55 (0.140) 


1.02 x 45° 
(0.040) 


A 
(SEE NOTE 2) 


SEE NOTE 1 0,64 (0.025) R, MAX 
TYP, 3 PLACES 
PARAMETER 
Aoi Junction-to-free-air 
thermal resistance 
Junction-to-case 


R 
gJC thermal resistance 


JEDEC 
OUTLINE | TERMINALS MIN 
MO-087AA 28 12,32 12,57 10,92 11,56 10,41 
(0.485) (0.495) | (0.430) (0.455) | (0.410) 
7 
MO-087AB 44 17,40 17,65 | 16,00 16,64 | 15,49 


25,02 25,27 23,62 24,26 23,11 
(0.985) (0.995) | (0.930) (0.955) | (0.910) 


3,05 (0.120) 


3,05 (0.120) 
2,29 (0.090) 


1,016. (0.040) MIN 


4,57 (0.180) 
3,94 (0.155) 


1,27 (0.05) TYP 
(SEE NOTE 3) 


Cc 
(AT SEATING 
PLANE) 


0,51 (0.020) 
0,36 (0.014) 


0,81 (0.032) 
0,66 (0.026) 


SEATING PLANE 
(SEE NOTE 4) 


MAX 
10,92 
(0.430) 
16,00 
(0.630) 
23,62 
(0.930) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


(0.685) (0.695) | (0.630) (0.655) | (0.610) 
NOTES: 


Glass is optional, and the diameter is dependent on device application. 


calle a asia om 


The lead contact points are within 0,15 (0.006) of being planar. 


Centerline of center pin, each side, is within 0,10 (0.004) of package centerline as determined by dimension B. 
Location of each pin is within 0,127 (0.005) of true position with respect to center pin on each side. 
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programming the TMS320E25 EPROM cell 


The TMS320E25 includes a 4K x 16-bit EPROM, implemented from an industry-standard EPROM cell, 
to perform prototyping and early field testing and to achieve low-volume production. When used with a 
4K-word masked-ROM TMS320C25, the TMS320E25 yields a high-volume, low-cost production as a result 
of more migration paths for data. An EPROM adaptor socket (part # TMDX3270120), shown in Figure 
8, is available to provide 68-pin to 28-pin conversion for programming the TMS320E25. 


FIGURE 8. EPROM ADAPTOR SOCKET 


Key features of the EPROM cell include standard programming and verification. For security against copyright 
violations, the EPROM cell features an internal protection mechanism to prevent proprietary code from 
being read. The protection feature can be used to protect reading the EPROM contents. This section 
describes erasure, fast programming and verification, and EPROM protection and verification. 


fast programming and verification 


The TMS320E25 EPROM cell is programmed using the same family and device codes as the TMS27C64 
8K x 8-bit EPROM. The TMS27C64 EPROM series are ultraviolet-light erasable, electrically programmable 
read-only memories, fabricated using HVCMOS technology. The TMS27C64 is pin-compatible with existing 
28-pin ROMs and EPROMs. The TMS320E25, like the TMS27C64, operates from a single 5-V supply in 
the read mode; however, a 12.5-V supply is needed for programming. All programming signals are TTL 
level. For programming outside the system, existing EPROM programmers can be used. Locations may 
be programmed singly, in blocks, or at random. When programmed in blocks, the data is loaded into the 
EPROM cell one byte at a time, the high byte first and the low byte second. | 


. Figure 9 shows the wiring conversion to program the TMS320E25 using the 28-pin pinout of the 


the 4K-word memory in byte format. 


TMS27C64. The pin nomenclature table provides a description of the TMS27C64 pins. The code to be 
programmed into the device should be serial mode. The TMS320E25 uses 13 address lines to address 
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TMS27C64 


Vec 28) 
PGM 27(7 


TMS320E25 


4 Sieieieie 8181818 
Oo NO PFMORDDMOr- NO + 
re rere fe 
n ANE OMEGCMNNK OK NOMA 
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DEFINITION 
A12 (MSB)-AO (LSB)} On-chip EPROM programming address lines 
CLKIN Clock oscillator input 
E EPROM chip select 
—PT EPROM test mode select 


G EPROM read/verify select 

GND Ground 

PGM EPROM write/program select 

Q8(MSB)-Q1(LSB) Data lines for byte-wide programming of on-chip 8K bytes of EPROM 
RS Reset for initializing the device 

Vcc 5-V power supply 


Vpp 12.5-V power supply 


FIGURE 9. TMS320E25 EPROM CONVERSION TO TMS27C64 EPROM PINOUT 
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Table 5 shows the programming levels required for programming, verifying and reading the EPROM cell. 
The paragraphs following the table describe the function of each programming level. 


TABLE 5. TMS320E25 PROGRAMMING MODE LEVELS 


SIGNAL TMS320E25 
NAMEt PIN 


Tin accordance with TMS27C64. 
LEGEND: 


ViH = TTL high level; VjL = TTL tow level; ADDR = byte address bit 
Vpp = 12.5V + 0.5 V; Vcc = 5 + 0.25 V; X = don’t care 
PULSE = low-going TTL level pulse; Djyy = byte to be programmed at ADDR 


byte stored at ADDR; RBIT = ROM protect bit. 


erasure 


Before programming, the device is erased by exposing the chip through the transparent lid to high-intensity 
ultraviolet light (wavelength 2537 angstroms). The recommended minimum exposure dose 
UV-intensity x exposure-time) is 15 watt-seconds per square centimeter. A typical 12 milliwatt-per-square- 
centimeter, filterless UV lamp will erase the device in 21 minutes. The lamp should be located approximately 
2.5 centimeters above the chip during erasure. After erasure, all bits are in the high state. Note that normal 
ambient light contains the correct wavelength for erasure. Therefore, when using the TMS320E25, the 
window should be covered with an opaque label. 


fast programming 


After erasure (all memory bits in the cell are logic one), logic zeroes are programmed into the desired locations. 
The fast programming algorithm, shown in Figure 10, is normally used to program the entire EPROM contents, 
although individual locations may be programmed separately. A programmed logic zero can be erased only 
by ultraviolet light. Data is presented in parallel (eight bits) on pins Q8-Q1. Once addresses and data are 
stable, PGM is pulsed. The programming mode is achieved when Vpp = 12.5 V, 
PGM = ViL, Vcc = 6.0 V, G = ‘Vip, and E = Vj.. More than one TMS320E25 can be programmed when | 
the devices are connected in parallel. Locations can be programmed in any order. 


Programming uses two types of programming pulses: prime and final. The length of the prime pulse is 
1 ms. After each prime pulse, the byte being programmed is verified. If correct data is read, the final 
programming pulse is applied; if correct data is not read, an additional 1-ms prime pulse is applied up to 
a maximum of 15 times. The final programming pulse is 4 ms times the number of prime programming 
pulses applied. This sequence of programming and verification is performed at Vcc = 6.0 V, and 
Vpp = 12.5 V. When the full. fast programming routine is complete, all bits are verified with 
Vcc = Vpp = SV. 
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Programmed bits may be verified with Vpp = 12.5 V whenG = Vj, E = Vi_, and PGM = Vix. Figure 11 


shows the timing for the program and verify operation. 


START 


ADDRESS = 
FIRST LOCATION 


Voc = § + 0.25V 
Vpp = 12.5V + 0.25 V 


PROGRAM ONE 


1-ms PULSE 
INCREMENT X 
NO 
YES VERIFY 


ONE BYTE 


[ PROGRAM ONE 
PULSE OF 
3X-ms DURATION 


LAST 
ADDRESS? 
YES 


Vcc = Vpp = 5V + 0.25V 


DEVICE 
FAILED 
INCREMENT 
ADDRESS 


COMPARE 
ALL BYTES TO 
ORIGINAL 
DATA 


PASS 
DEVICE 
PASSED 

FIGURE 10. FAST PROGRAMMING FLOWCHART 
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A12-A0 { 


}~—_—__—__—- PROGRAM—_—_——e 
—— cl eae 


| | 
VIH 
ADDRESS ADDRESS 
N+ 1 
STABLE Vit 


| 
DATA IN DATA OUT } moon 

a8-Q1 STABLE Hi-Z ae 
Vit /VOL 


Vpp 
Vpp 
| Vcc 


: | VIH 

E \ I 

Vv 

It 

| 
ViH 

PGM 
VIL 

I 
rr i ses ViH 

re { 
7 VIL 


FIGURE 11. FAST PROGRAMMING TIMING 


program inhibit 
Programming may be inhibited by maintaining a high level input on the E pin or PGM pin. 
read 


The EPROM contents may be read independent of the programming cycle, provided the RBIT (ROM protect 
bit) has not been programmed. The read is accomplished by setting E to zero and pulsing G low. The contents 
of the EPROM location selected by the value on the address inputs appear on Q8-Q1. 


output disable 


During the EPROM programming process, the EPROM data outputs may be disabled, if desired, by 
establishing the output disable state. This state is selected by setting the G and PGM pins high. While 
output disable is selected, Q8-Q1 are placed in the high-impedance state. 


ROM protection and verification 


This section describes the code protection feature included in the EPROM cell, which protects code against 
copyright violations. Table 6 shows the programming levels required for protecting and verifying the EPROM. 
The paragraphs following the table describe the protect and verify functions. 
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TABLE 6. TMS320E25 PROTECT AND VERIFY EPROM MODE LEVELS 


SIGNALT TMS320E25 TMS27C64 PIN ROM PROTECT PROTECT VERIFY 


tin accordance with TMS27C64. 

LEGEND: 
ViH = TTL high level; Vi_ = TTL low level; Vcc = 5.0V + 0.25 V 
Vpp = 12.5 V + 0.5 V; X = don’t care 
PULSE = low-going TTL level pulse; RBIT = ROM protect bit. 


EPROM protect 


The EPROM protect facility is used to completely disable reading of the EPROM contents to guarantee 
security of proprietary algorithms. This facility is implemented through a unique EPROM cell called the 
RBIT (EPROM protect bit) cell. Once the contents to be protected are programmed into the EPROM, the 
RBIT is programmed, disabling access to the EPROM contents and disabling the microprocessor mode on 
the device. Once programmed, the RBIT can be cleared only by erasing the entire EPROM array with 
ultraviolet light, thereby maintaining security of the proprietary algorithm. Programming the RBIT is 
accomplished using the EPROM protect cycle, which consists of setting the E, G, PGM, and A4 pins high, 
Vpp and EPT to 2.5 V + 0.5 V, and pulsing Q8 low. The complete sequence of operations involved in 
programming the RBIT is shown in the flowchart of Figure 12. The required setups in the figure are detailed 
in Table 6. 
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| PROGRAM ONE 
Xm | PULSE OF 3X-ms 
DURATION 
EPROM 
PROTECT PROTECT 
| VERIFY 
SETUP 


DEVICE FAIL ~~ VERIFY PASS DEVICE 
FAILED RBIT PASSED 


PROTECT 
VERIFY 
SETUP 


VERIFY 
RBIT 


EPROM 
PROTECT 
SETUP 


FAIL 


FIGURE 12. EPROM PROTECT FLOWCHART 
protect verify 


Protect verify is used following the EPROM protect to verify correct programming of the RBIT (see Figure 
12). When using protect verify, Q8 outputs the state of the RBIT. When RBIT = 1, the EPROM is 
unprotected; when RBIT = O, the EPROM is protected. The EPROM protect and verify timings are shown 
in Figure 13. 
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FIGURE 13. EPROM PROTECT TIMING 
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S Temperature... —55°C to 100°C 
200-ns Instruction Cycle Time 


544 Words of Programmable On-Chip Data 
RAM 


128K Words of Data/Program Space 
Sixteen Input and Sixteen Output Channels 
16-Bit Parallel Interface 


Directly Accessible External Data Memory 
Space 


Global Data Memory Interface 
16-Bit Instruction and Data Words 
32-Bit ALU and Accumulator 


Single-Cycle Multiply/Accumulate 
Instructions 


0 to 16-Bit Scaling Shifter 
Bit Manipulation and Logical Instructions 


Instruction Set Support for Floating-Point 
Operations 


Block Moves for Data/Program Management 


Repeat Instructions for Efficient Use of 
Program Space 


Five Auxiliary Registers and Dedicated 
Arithmetic Unit for Indirect Addressing 


Serial Port for Direct Codec Interface 


Synchronization Input for Synchronous 
Multiprocessor Configurations 


Wait States for Communication to Slow 
Off-Chip Memories/Peripherals 


On-Chip Timer for Control Operations 
Packaging: 

— 68 Pin Ceramic Leaded Chip Carrier 
— 68 Pin Grid Array 


Three External Maskable User Interrupts 


Input Pin Polled by Software Branch 
Instruction 


Programmable Output Pin for Signaling 
External Devices 

2.4-Micron NMOS Technology 

Single 5-V Supply 

On-Chip Clock Generator 


Standard and Class B Processing 
SM Prefix — Standard 
SMJ Prefix—Class B 
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TSee Pin Assignments Table (Page 2) and Pin Nomenciature 
Table (Page 3) for location and description of all pins. 
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description 


The SMJ32020 Digital Signal Processor is a second-generation member of the SMJ320 group of military 
VLSI digital signal processors and peripherals. The SMJ32020 supports a wide range of digital signal 
processing applications, such as tactical communications, guidance, military modems, sonar, signal 
processing/Al, image processing, speech processing, spectrum analysis, audio processing, digital filtering, 
high-speed control, graphics, and other computation-intensive applications. 


With a 200-ns instruction cycle time and an innovative memory configuration, the SMJ32020 performs 
operations necessary for many realtime digital signal processing algorithms. Since most instructions require 
only one cycle, the SMJ32020 is capable of executing five million instructions per second. On-chip data 
RAM of 544 16-bit words, direct addressing of up to 64K words of external data memory space and 64K 
words of external program memory space, and multiprocessor interface features for sharing memory 
minimize unnecessary data transfers to take full advantage of the capabilities of the processor. 


PGA/CLCC PIN ASSIGNMENTS 


FUNCTION FUNCTION FUNCTION FUNCTION FUNCTION FUNCTION 


A12 K8/40 — H1/22 H2/23 


A13 L9/41 J11/46 ie L6/35 
A14 K9/42 A6/1 Vss B1/10 
A15 L10/43 DS MSC C10/59] Vss K11/44 
BIO B7/68 / PS J10/47| Vss L2/27 


BR G11/50 B8/66 XF D11/56 
CLKOUT1 C11/58 RS A8/65 | X1 G10/51 
CLKOUT2 010/57 Ww H11/48| X2/CLKIN F11/52 
CLKR B9/64 | H10/49 
CLKX A9/63 B11/60 F2/19 
DO F1/18 | G1/20 A10/61 
D1 E2/17 G2/21 B10/62 
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PIN NOMENCLATURE 


SIGNALS vo/zt DEFINITION 


5-V supply pins 

Ground pins 

Output from internal oscillator for crystal 

Input to internal oscillator from crystal or external clock 
Master clock output (crystal or CLKIN frequency/4) 


A second clock output signal 

16-bit data bus D15 (MSB) through DO (LSB). Multiplexed between program, data, and I/O spaces. 
16-bit address bus A15 (MSB) through AO (LSB) 

Program, data, and I/O space select signals 


Read/write signal 

Strobe signal 

Reset input 

External user interrupt inputs 

Microstate complete signal 

Interrupt acknowledge signal 

Data ready input. Asserted by external logic when using slower devices to indicate that the current bus 
transaction is complete. 

Bus request signal. Asserted when the SMJ32020 requires access to an external global data memory 
space. 

External flag output (latched software-programmable signal) 

Hold input. When asserted, SMJ32020 goes into an idle mode and places the data, address, and 
control lines in the high impedance state. 

Hold acknowledge signal 

Synchronization input 

Branch contro! input. Polled by BIOZ instruction. 

Serial data receive input 

Clock for receive input for serial port 

Frame synchronization pulse for receive input 

Serial data transmit output 

Clock for transmit output for serial port 

Frame synchronization pulse for transmit. Configurable as either an input or an output. 


T1/O/Z denotes input/output/high-impedance state. 
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functional block diagram 
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architecture 


The SMJ32020 architecture is based upon that of the TMS32010, a first-generation member of the TMS320 
family. The SMJ32020 increases performance of DSP algorithms through innovative additions to the TMS 
architecture. SMJ32010 source code is upward-compatible with SMJ32020 source code and can be 
assembled using the TMS32020 Macro Assembler. 


Increased throughput on the SMJ32020 for many DSP applications is accomplished by means of single- 
cycle multiply/accumulate instructions with a data move option, five auxiliary registers with a dedicated 
arithmetic unit, and faster I/O necessary for data-intensive signal processing. 


The architectural design of the SMJ32020 emphasizes overall speed, communication, and flexibility in 
processor configuration. Control signals and instructions provide floating-point support, block-memory 
transfers, communication to slower off-chip devices, and multiprocessing implementations. 


Two large on-chip RAM blocks, configurable either as separate program and data spaces or as two 
contiguous data blocks, provide increased flexibility in system design. Maintaining program memory off- 
chip allows large address spaces from which large programs of up to 64K words can operate at full speed. 
Programs can also be downloaded from slow external memory to high-speed on-chip RAM. A 64K-word 
data memory address space is included to facilitate implementation of DSP algorithms. The VLSI 
implementation of the SMJ32020 incorporates all of these features as well as many others, such as a 
hardware timer, serial port, and block data transfer capabilities. 


32-bit ALU/accumulator 


~The 32-bit Arithmetic Logic Unit (ALU) and accumulator perform a wide range of arithmetic and logical 
instructions, the majority of which execute in a single clock cycle. The ALU executes a variety of branch 
instructions dependent on the status of the ALU or a single bit in a word. These instructions provide the 
following capabilities: 


« Branch to an address specified by the accumulator . 
« Normalize fixed-point numbers contained in the accumulator 
« Test a specified bit of a word in data memory. 


One input to the ALU is always provided from the accumulator, and the other input may be provided from 
the Product Register (PR) of the multiplier or the input scaling shifter which has fetched data from the 
RAM on the data bus. After the ALU has performed the arithmetic or logical operations, the result is stored 
in the accumulator. ; 


The 32-bit accumulator is split into two 16-bit segments for storage in data memory. Additional shifters 
at the output of the accumulator perform shifts while the data is being transferred to the data bus for 
storage. The contents of the accumulator remain unchanged. 


scaled shifter 


~The SMJ32020 scaling shifter has a 16-bit input connected to the data bus and a 32-bit output connected 
to the ALU. The scaling shifter produces a left shift of O to 16 bits on the input data, as programmed 
in the instruction. The LSBs of the output are filled with zeroes, and the MSBs may be either filled with 
zeroes or sign-extended, depending upon the status programmed into the SXM (sign-extension mode) bit 
of status register STO. 
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16 x 16-bit parallel multiplier 


The SMJ32020 has a two’s-complement 16 x 16-bit hardware multiplier, which is capable of computing 
a 32-bit product in a single machine cycle. The multiplier has the following two associated registers: 


« A 16-bit Temporary Register (TR) that holds one of the operands for the multiplier, and 
« A 32-bit Product Register (PR) that holds the product. 


Incorporated in the instruction set are single-cycle multiply/accumulate instructions that allow both operands 
to be processed simultaneously. The data for these operations resides in the on-chip RAM blocks and can 
be transferred to the multiplier each cycle via the program and data buses. 


Four product shift modes are available at the Product Register (PR) output that are useful when performing 
multiply/accumulate operations, fractional arithmetic, or justifying fractional products. 


timer 


The SMJ32020 provides a memory-mapped 16-bit timer for control operations. The on-chip timer (TIM) 
register is a down counter that is continuously clocked by an internal clock. This clock is derived by dividing 
the CLKOUT1 frequency by 4. A timer interrupt (TINT) is generated every time the timer decrements to 
zero. The timer is reloaded with the value contained in the period (PRD) register within the same cycle 
that it reaches zero so that interrupts may be programmed to occur at regular intervals of 4 x (PRD) cycles 
of CLKOUT1. 


memory control 


The SMJ32020 provides a total of 544 16-bit words of on-chip data RAM, divided into three separate 
blocks (BO, B1, and B2). Of the 544 words, 288 words (blocks B1 and B2) are always data memory, and 
256 words (block BO) are programmable as either data or program memory. A data memory size of 544 
words allows the SMJ32020 to handle a data array of 512 words (256 words if on-chip RAM is used 
for program memory), while still leaving 32 locations for intermediate storage. When using block BO as 
program memory, instructions can be downloaded from external program memory into on-chip RAM and 
then executed. | : | 


When using on-chip program RAM or high-speed external program memory, the SMJ32020 runs at full 
speed without wait states. However, the READY line can be used to interface the device to slower, less- 
expensive external memory. Downloading programs from slow off-chip memory to on-chip program RAM 
speeds processing while cutting system costs. 


The SMJ32020 provides three separate address spaces for program memory, data memory, and I/O. The 
on-chip memory is mapped into either the 64K-word data memory or program memory space, depending 
upon the memory configuration. The CNFD (configure block BO as data memory) and CNFP (configure 
block BO as program memory) instructions allow dynamic configuration of the memory maps through 
software. Regardless of the configuration, the user may still execute from external program memory. 


Six registers are mapped into the data memory space: a serial port data receive register, serial port data 
transmit register, timer register, period register, interrupt mask register, and global memory allocation 
register. 
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PROGRAM 
0(>0000) 
INTERRUPTS 
AND RESERVED 
(EXTERNAL) 
31(>001F) [_ . 
32(>0020) 


EXTERNAL 


65,535(>FFFF) 


PROGRAM 


0(>0000) 
INTERRUPTS 
AND RESERVED 
(EXTERNAL) 
31(>001F) 
32(>0020) 


EXTERNAL 


65,279(>FEFF) 
65,280(>FFOO) 


ON-CHIP 
BLOCK BO 
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DATA 1/0 
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(a) ADDRESS MAPS AFTER A CNFD INSTRUCTION 
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(b) ADDRESS MAPS AFTER A CNFP INSTRUCTION 


FIGURE 1. MEMORY MAPS 
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interrupts and subroutines 


The SMJ32020 has three external maskable user interrupts INT2-INTO, available for external devices 
that interrupt the processor. Internal interrupts are generated by the serial port (RINT and XINT), by the 
timer (TINT), and by the software interrupt (TRAP) instruction. Interrupts are prioritized with reset (RS) having 
the highest priority and the serial port transmit interrupt (XINT) having the lowest priority. All interrupt 
locations are on two-word boundaries so that branch instructions can be accommodated in those locations 
if desired. 


A built-in mechanism protects multicycle instructions from interrupts. If an interrupt occurs during a 
multicycle instruction, the interrupt is not processed until the instruction is completed. This mechanism 
applies both to instructions that are repeated or become multicycle due to the READY signal. 


external interface 


The SMJ32020 supports a wide range of system interfacing requirements. Program, data, and I/O address 
spaces provide interface to memory and I/O, thus maximizing system throughput. I/O design is simplified 
by having I/O treated the same way as memory. I/O devices are mapped into the I/O address space using 
the processor’s external address and data buses in the same manner as memory-mapped devices. Interface 
to memory and I/O devices of varying speeds is accomplished by using the READY line. When transitions 
are made with slower devices, the processor waits until the other device completes its function and signals 
the processor via the READY line. Then, the SMJ32020 continues execution. | 


A serial port provides communication with serial devices, such as codecs, serial A/D converters, and other 
serial systems. The interface signals are compatible with codecs and many other serial devices with a 
minimum of external hardware. The serial port may also be used for intercommunication between processors 
in multiprocessing applications. 


The serial port has two memory-mapped registers: the data transmit register (DXR) and the data receive 
register (DORR). Both registers operate in either the byte mode or 16-bit word mode, any may be accessed 
in the Same manner as any other data memory location. Each register has an external clock, a framing 
synchronization pulse, and associated shift registers. One method of multiprocessing may be implemented 
by programming one device to transmit while the others are in the receive mode. 


multiprocessing 


The flexibility of the SMJ32020 allows configurations to satisfy a wide range of system requirements and 
can be used as follows: : 


¢ A standalone processor 

¢ A multiprocessor with devices in parallel 

¢- A slave/host multiprocessor with global memory space 

¢« A peripheral processor interfaced via processor-controlled signals to another device. 


For multiprocessing applications, the SMJ32020 has the capability of allocating global data memory space 
and communicating with that space via the BR (bus request) and READY control signals. Global 
memory is data memory shared by more than one processor. Global data memory access must be arbitrated. 
The 8-bit memory-mapped GREG (global memory allocation register) specifies part of the SMJ32020’s 
data memory as global external memory. The contents of the register determine the size of the global 
memory space. If the current instruction addresses an operand within that space, BR is asserted to request 
control of the bus. The length of the memory cycle is controlled by the READY line. 


The SMJ32020 supports DMA (direct memory access) to its external program/data memory using the 
HOLD and HOLDA signals. Another processor can take complete control of the SMJ32020's external 
memory by asserting HOLD low. This causes the SMJ32020 to place its address, data, and control 
lines in a high-impedance state, and assert HOLDA. 
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instruction set 


The SMJ32020 microprocessor implements a comprehensive instruction set that supports both numeric- 
intensive signal processing operations as well as general-purpose applications, such as multiprocessing 
and high-speed control. The SMJ32010 source code is upward-compatible with SMJ32020 source code. 


For maximum throughput, the next instruction is prefetched while the current one is being executed. Since 
the same data lines are used to communicate to external data/program or I/O space, the number of cycles 
may vary depending upon whether the next data operand fetch is from internal or external program memory. 
Highest throughput is achieved by maintaining data memory on-chip and using either internal or fast external 
program memory. 


addressing modes 


The SMJ32020 instruction set provides three memory addressing modes: direct, indirect, and immediate 
addressing. 


Both direct and indirect addressing can be used to access data memory. In direct addressing, seven bits 
of the instruction word are concatenated with the nine bits of the data memory page pointer to form the 
16-bit data memory address. Indirect addressing accesses data memory through the five auxiliary registers. 
In immediate addressing, the data is based on a portion of the instruction word(s). 


In direct memory addressing, the instruction word contains the lower seven bits of the data memory address. 
This field is concatenated with the nine bits of the data memory page pointer to form the full 16-bit address. 
Thus, memory is paged in the direct addressing mode with a total of 512 pages, each page containing 
128 words. 


Five auxiliary registers (ARO-AR4) provide flexible and powerful indirect addressing. To select a specific 
auxiliary register, the Auxiliary Register Pointer (ARP) is loaded with either 0, 1, 2, 3, or 4 for ARO through 
AR4, respectively. | 


There are five types of indirect addressing: auto-increment or auto-decrement, post-indexing by either adding 
or subtracting the contents of ARO, or single indirect addressing with no increment or decrement. All 
operations are performed on the current auxiliary register in the same cycle as the original instruction, 
followed by a new ARP value being loaded. 


repeat feature 


A repeat feature, used with instructions such as multiply/accumulates, block moves, I/O transfers, and 
table read/writes, allows a single instruction to be performed up to 256 times. The repeat counter (RPTC) 
is loaded with either a data memory value (RPT instruction) or an immediate value (RPTK instruction). The 
value of this operand is one less than the number of times that the next instruction is executed. Those 
instructions that are normally multicycle are pipelined when using the repeat feature, and effectively become 
single-cycle instructions. 


instruction set summary 


Table 1 lists the symbols and abbreviations used in Table 2, the instruction set summary. Table 2 consists 
primarily of single-cycle, single-word instructions. Infrequently used branch, I/O, and CALL instructions 
are multicycle. The instruction set Summary is arranged according to function and alphabetized within each 
functional grouping. The symbol (1) indicates those instructions that are not included in the SMJ32010 
‘instruction set. 
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TABLE 1. INSTRUCTION SYMBOLS 


syMBoL | MEANING 


4-bit field specifying a bit code 

2-bit field specifying compare mode 

Data memory address field 

Format status bit 

Addressing mode bit 

Immediate operand field 

Port address (PAO through PA15 are predefined 
assembler symbols equal to O through 15, 
respectively). 

2-bit field specifying P register output shift code 


3-bit operand field specifying auxiliary register 
4-bit left-shift code | 
3-bit accumulator left-shift field 
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TABLE 2. INSTRUCTION SET SUMMARY 


ACCUMULATOR MEMORY REFERENCE INSTRUCTIONS 


NO. INSTRUCTION BIT CODE 
WORDS 


1514131211109 8 765 43 2 1 0 
Absolute value of accumulator O:-0° O07 “Os 7-4 
Add to accumulator with shift | +p ——__> 
Add to high accumulator | <————D—___—_> 
Add to low accumulator with SD 
sign extension suppressed 
Add to accumulator with shift specified by 
T register 
Add to accumulator long immediate with shift 
AND with accumulator 
AND immediate with accumulator with shift 
Complement accumulator 
Load accumulator with shift 
Load accumulator immediate short 
Load accumulator with shift specified by T register 
Load accumulator long immediate with shift 
Negate accumulator 
Normalize contents of accumulator 
OR with accumulator 
OR immediate with accumulator with shift 
Store high accumulator with shift 


2 1 
1 O 
2 1 
1 1 
1 O 
1 1 
1 6) 
2 1 
1 1 
1 | 
1 0 
2 1 
1 0 
1 O 


->- cc ocl0dlUcrCWCUcOUmUcrRTCLCUCOUCOCUCOlLUO 
oOo r- 0o006UMW HBHLCLUCUOOUCOUCOUCUCOUmUcrT Cc Ol 


--O-+-00- 


Store low accumulator with shift 

Subtract from accumulator long immediate with 
shift 

Shift accumulator left 

Shift accumulator right 

Subtract from accumulator with shift 

Conditional subtract 

Subtract from high accumulator 

Subtract from low accumulator with sign 
extension suppressed 

Subtract from accumulator with shift specified by 
T register 

Exclusive-OR with accumulator 

Exclusive-OR immediate with accumulator with shift 
Zero accumulator 

Zero low accumulator and load high accumulator 
Zero accumulator and load low accumulator with 
sign extension suppressed 


TThese instructions not included in the SMJ32010 instruction set. 
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TABLE 2. 


INSTRUCTION SET SUMMARY (CONTINUED) 


AUXILIARY REGISTERS AND DATA PAGE POINTER INSTRUCTIONS 


NO. 
WORDS 


MNEMONIC DESCRIPTION 


Compare auxiliary register with auxiliary register ARO 


Load auxiliary register 


Load auxiliary register immediate short 
Load auxiliary register pointer 
Load data memory page pointer 
Load data memory page pointer immediate 
Load auxiliary register long immediate 
Modify auxiliary register 
Store auxiliary register 

T REGISTER, P REGISTER, AND MULTIPLY INSTRUCTIONS 


eee 
oOo n7F Fe OOF OOS 
- RS? Oe Oe OED 
- Oooocd0.0c0UmUOlUmwPlhCO 
OoOo0OoO Fr OO OClOlOl€ 


INSTRUCTION BIT CODE 


1514131211109 8 765 43 2 1 0 


Ds We Oe Al te 3 
+R | 


O O<CM> 
+——_—_—__D-—____> 
+-_—RS + __ kK —___> 
1 jn ee 9 aie © aaa © 
OF 4030: dl: a Da 
OD SS ee 
#RPY 000000 0 0 
12 o>) De 
-_RS> | + —)D—> 


|] «+R 


MNEMONIC DESCRIPTION 
WORDS 

1514131211109 8 765 43 2 10 
APAC Add P register to accumulator 1 1100311 100008100807 0 +41 
LPH! Load high P register | 1 Oe 20s a! 30P OP A): A ere De 
LT Load T register 1 OF 70e iy MY Oe ae 
LTA Load T register and accumulate previous product 1 001174 1 1 0 141 | &—D)—> 
LTD Load T register, accumulate previous product, 1 Orsi Ga Fe alee Die 

and move data 

LTpt Load T register and store P register in accumulator 1 O00 PRs 4 4 oO) = Br 
Ltst Load T register and subtract previous product 1 O10 11 01 1 1 ~———D————> 
Mac! Multiply and accumulate 2 010111011 «——\)——> 
MACD?t Multiply and accumulate with data move 2 OF 4 SOL 42 oO AO.) eS Oe 
MPY Multiply (with T register, store product in P register) 1 00111000 1 «——-D--—> 
MPYK Multiply immediate 1 10%1<+*—_——_—_—K——_————— 
PAC Load accumulator with P register 1 T° oP 26s 020 > te <1 OR 208 Oe Ge TE Oe: OO 
SPAC Subtract P register from accumulator 1 Tas OC A I Ti Oe Oe a Oa Oe AL oO 
SPMt Set P register output shift mode 1 110011100000 1 04PM> 
SORAt Square and accumulate 1 001110 0 1 4 «&——D——> 
sars! Square and subtract previous product 1 0101 101 0 | «—\—D——> 


TThese instructions not included in the SMJ32010 instruction set. 
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TABLE 2. INSTRUCTION SET SUMMARY (CONTINUED) 


BRANCH CALL INSTRUCTIONS 


NO. INSTRUCTION BIT CODE 
MNEMONIC DESCRIPTION 
WORDS 


1514131211109 8765 43 210 


— 
= 


Branch unconditionally 

Branch to address specified by accumulator 
Branch on auxiliary register not zero 
Branch if TC bit # O 

Branch if TC bit = O 

Branch if accumulator > O 

Branch if accumulator > O 

Branch on 1/O status = O 

Branch if accumulator < 

Branch if accumulator < O 

Branch if no overflow 

Branch if accumulator 

Branch on overflow 

Branch if accumulator 

Call subroutine indirect 


BB PH NY NY YM HY HB HY HY HB HY NY NH HM — HO 


Call subroutine 


a Sie eke ee Ee we ee a ee, eh eg, a ee 
oo 
-~“s-~-=-0 C0000 00224 24 4 
Sao gi eet ae OY het. OO" ae OG O° 8. 
As a BAO, at SP ee GO SS 
SOOO 6. O aca Sh a 1S Oe =O 


1 
CONTROL INSTRUCTIONS 


NO. INSTRUCTION BIT CODE 
MNEMONIC DESCRIPTION 
WORDS 


Return from subroutine 


1514131211109 8 76543 210 


! 


Test bit 

Test bit specified by T register 
Configure block as data memory 
Configure block as program memory 
Disable interrupt 

Enable interrupt 

Idle until interrupt 

Load status register STO 

Load status register ST1 

No operation 

Pop top of stack to low accumulator 
Pop top of stack to data memory 
Push data memory value onto stack 
Push low accumulator onto stack 
Reset overflow mode 


Set OS Oe as HO Oo en SS OO OE Os OO are 


Repeat instruction as specified by data memory value 
Repeat instruction as specified by immediate value 
Reset sign-extension mode 

Set overflow mode 

Store status register STO 

Store status register ST1 

Set sign-extension mode 


a eS ee Cee Se Cs Se Coe CO se Ces Cn” es CO CY 
= Soll eo ea sa essa si se i sa ea ess ses es es 
OG iSO: OO O-6: OO: =O. O16. O-O O- SO O-O O16 
020+ -000 00022022. 00000 = = 
i eG GD GD a SD) 
oo mw ooo r fp ooococmlmurmmmcmUOd cw wmrlhlULcw OrCOOCOUNUCOUCUCOUON CUNO LUDO lS 


Software interrupt 


tTThese instructions not included in the SMJ32010 instruction set. 
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TABLE 2. INSTRUCTION SET SUMMARY (CONCLUDED) 


1/0 AND DATA MEMORY OPERATIONS 


NO. INSTRUCTION BIT CODE 
MNEMONIC DESCRIPTION 
WORDS 


151413121110 6543 210 
Block move from data memory to data memory 
Block move from program memory to data memory 
Data move in data memory 
Format serial port registers 
Input data from port 
Output data to port 
Reset serial port transmit mode 
Reset external flag 
Set serial port transmit mode 
Set external flag 
Table read 
Table write 


on nn a Oe) 


7 
| 
| 
| 

) 
| 
| 

0 

O 

O 
) 
| 


ee ee a en Oe On 
oooocoeoormUmwrnrVtrhClUCUODCOUCUUmrClUc 
>"> --~ oc O00. 0O 00 +--+ 2 


TThese instructions not included in the SMJ32010 instruction set. 
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development support 


Texas Instruments offers an extensive line of development support products to assist the user in all aspects 
of SMJ320 second-generation-based design and development. These products range from development 
and application software to complete hardware development and evaluation systems such as the XDS/22. 
Table 4 lists the development support products for the second-generation SMJ320 devices. 


System development begins with the use of the SoftWare Development System (SWDS) or Emulator (XDS). 
These tools allow the designer to evaluate the processor’s performance, benchmark time-critical code, 
and determine the feasibility of using a SMJ320 device to implement a specific algorithm. 


Software and hardware can be developed in parallel by using the macro assembler/linker, simulator, and 
SoftWare Development System for software development and the XDS for hardware development. The 
assembler/linker translates the system’s assembly source program into an object module that can be 
executed by the simulator, XDS, or SWDS. The XDS provides realtime in-circuit emulation and is a powerful 
tool for debugging and integrating software and hardware modules. 


Additional support for the SMJ320 products consists of extensive documentation and three-day DSP design 
workshops offered by the TI Regional Technology Centers (RTCs). The workshops provide hands-on 
experience with the TMS320 development tools. Refer to the 7MS320 Family Development Support 
Reference Guide for further information about TMS320 development support products and DSP workshops. 
When technical questions arise regarding the TMS320, contact the Texas Instruments TMS320 Hotline, 
(713) 274-2320. 


TABLE 4. TMS320 SECOND-GENERATION SOFTWARE AND HARDWARE SUPPORT 


SOFTWARE TOOLS PART NUMBER 


Macro Assembler/Linker 
VAX VMS TMDS3242210-08 
TI/IBM MS/PC-DOS TMDS3242810-02 


Simulator 
VAX VMS TMDS3242211-08 
TI/IBM MS/PC-DOS TMDS324281 1-02 


SoftWare Development System (SWDS) TMDS3268821 


Digital Filter Design Package (DFDP) 
IBM PC-DOS DFDP-IBMO02 


DSP Software Library 
VAX VMS TMDC3240212-18 
TI/IBM MS/PC-DOS TMDC3240812-12 


HARDWARE TOOLS PART NUMBER 


Analog Interface Board (AIB) RTC/EVM320C-06 
XDS/22 Emulator TMDS3262221 


XDS/22 Upgrade 
Customer Upgrade TMDS3282226 


TMS320 Design Kit TMS320DDK 
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documentation support 


Extensive documentation supports the second-generation TMS320 devices from product announcement 
through applications development. The types of documentation include data sheets with design 
specifications, complete user's guides, and 750 pages of application reports published in the book, Digital 
Signal Processing Applications with the TMS320 Family. An application report, Hardware Interfacing to 
the TMS320C25, is available for that device. 


A series of DSP textbooks is being published by Prentice-Hall and John Wiley & Sons to support digital 
signal processing research and education. The TMS320 newsletter, Detai/s on Signal Processing, is published 
quarterly and distributed to update SMJ320 customers on product information. The TMS320 DSP bulletin 
board service provides access to large amounts of information pertaining to the SMJ320 family. 


Refer to the 7M@S320 Family Development Support Reference Guide for further information about SMJ320 
documentation. To receive copies of second-generation TMS320 literature, call the Customer Response 
Center at 1-800-232-3200. | 
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absolute maximum ratings over specified temperature range (unless otherwise noted) t 


Supply Voltage-rande: VCG* oud satis ee ea ee Rew dow tbe PRA as eee Rs -O0.3Vto7V 
INDUT VOILAGETANGe.. <c5.< 54-6 Bea Ue Ande exe Ble ee aoe bo S- OM G EB i ale ee acy 2 es -O.3Vto7V 
OUIDUE VONAGE NIANGe ia c/a gh eee a ee ele ERS eS SB SS NST Bahhe & Vie -O0.3Vto7V 
COnuNnUOUS: DOWer-GISSIDATION socio fee a oS Riga eS Ale Aw pte as oo hee a de ed BEE ete BS 2.0 W 
Minimum operating free-air temperature... 2... —55°C 
Maximum operating case temperature... . 0... 100°C 
Storage temperature range ...................0.. RA ee te ET ae —55°C to 150°C 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions” section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

TAIl voltage values are with respect to Vgs. 


recommended operating conditions 


Vcc Supply voltage 


’ Bare) aie All inputs except CLKIN 2.2 
igh-level input voltage 
All inputs except CLKIN aa 
Vit Low-level input vores 
CLKIN 


PARAMETER TEST CONDITIONS a 
VOH High-level output voltage Vcc = MIN, lou = 
VoL Low-level output voltage Vec = MIN, lot = MAX 


I7 Three-state current Vcc = MAX 
I Input current Vi = Vss to Vcc 


_aai 
ae 
Oo) | 
o| vA | 
Ta = —55°C, Vcc = MAX, fy = MAX 
Icc Supply current Ta = 25°C, Vcc = MAX, fx, = MAX = 
[sae 
eae 


UNIT 


Tc = 100°C, Vcc = MAX, fy = MAX 
Cy Input capacitance 


Cg Output capacitance 


SAll typical values are at Vcc = 5V, Tp = 25°C. 


y 


é ¥ Caution. This device contains circuits to protect its inputs and outputs against damage due to high static voltages or electrostatic 

fields. These circuits have been qualified to protect this device against electrostatic discharges (ESD) of up to 2 kV according 

to MIL-STD-883C, Method 3015; however, it is advised that precautions be taken to avoid application of any voltage higher than maximum 

rated voltages to these high-impedance circuits. During storage or handling, the device leads should be shorted together or the device 

should be placed in conductive foam. In a circuit, unused inputs should always be connected to an appropriate logic voltage level, preferably 

either Vcc or ground. Specific guidelines for handling devices of this type are contained in the publication ‘’Guidelines for Handling Electrostatic- 
Discharge Sensitive (ESDS) Devices and Assemblies’’ available from Texas Instruments. 
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CLOCK CHARACTERISTICS AND TIMING 
The SMJ32020 can use either its internal oscillator or an external frequency source for a clock. 


internal clock option 


The internal oscillator is enabled by connecting a crystal across X1 and X2/CLKIN (see Figure 2). The 
frequency of CLKOUT1 is one-fourth the crystal fundamental frequency. The crystal should be fundamental 
mode, and parallel resonant, with an effective series resistance of 30 ohms, a power dissipation of 1 mW, 
and be specified at a load capacitance of 20 pF. 


PARAMETER TEST CONDITIONS 
Ta = -55°C MIN 


fy Input clock frequency 
Tc = 100°C MAX 


fsx Serial port frequency 
G1,.C2 


CRYSTAL 


FIGURE 2. INTERNAL CLOCK OPTION 


external clock option 


An external frequency source can be used by injecting the frequency directly into X2/CLKIN with X11 left 
unconnected. The external frequency injected must conform to the specifications listed in the following table. 


switching characteristics over recommended operating conditions (see Note 1) 


PARAMETER “MIN TYP MAX UNIT 
200 600 ns 


tc(C) CLKOUT1/CLKOUT2 cycle time 


tdiCIH-C) CLKIN high to CLKOUT1/CLKOUT2/STRB high/low 15 50 
tiC)___ CLKOUT1/CLKOUT2/STRB fall time 


tw(CL) CLKOUT1/CLKOUT2 low pulse duration 20-15 20 20+15 


twi(CH)  CLKOUT1/CLKOUTZ high pulse duration 20-15 2Q 20+15 
ta(C1-C2) CLKOUT1 high to CLKOUT2 low, CLKOUT2 high to CLKOUT1 high, etc. _ Q-—10 Q 


NOTE 1: Q = 1/4tg¢). 
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timing requirements over recommended operating conditions (see Note 1) 


MIN NOM MAX UNIT 


tc(Cl) CLKIN cycle time 

tw(CIL) CLKIN low pulse duration, tc(cj) = 50 ns (see Note 2) 
twiCiH) CLKIN high pulse duration, teic}) = 50 ns (see Note 2) 
tsuis) | SYNC setup time before CLKIN low 

this) SYNC hold time from CLKIN low 


NOTES: 1. Q = 1/4tg(c). 
2. CLKIN duty cycle [tr(cj) + tw(CIH)!/tc(cl) Must be within 40-60%. Rise and fall times must be less than 10 ns. 


2.165 V 


Ri = 7750 


FROM OUTPUT 
UNDER TEST ~, TEST 
POINT 


‘i = 100 pF 


FIGURE 3. TEST LOAD CIRCUIT 


2.2V _ 
188Vooh} —— Vin (MIN) 
0.92 V— Peet Ses 
080 veo SS SSS Vi (MAX) 
0 
(a) INPUT 
. es — — —— Von (MIN) 
4 - 
0.8V—™ 
SNe Se Voi (MAX) 


(b} OUTPUTS 


FIGURE 4. VOLTAGE REFERENCE LEVELS 
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clock timing 


fo fe(Cy 


X2/CLKIN 


CLKOUT1 


fr taicin-c) | Jeet taicin-c) | telC) | 


cLKouT2 | twiCH) twicL)——a 
[taic1-c2) +b taicr-ca) Hc werd ke 
| foe taic1-c2) 
bee} — taic1-c2) 
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MEMORY AND PERIPHERAL INTERFACE TIMING 


switching characteristics over recommended operating conditions (see Note 1) 


Pia. “Aadiecerselag 1rieistore STAB ow: beans & 
thi A) Address hold time after STRB high (see Note 3) 
tw(SL) STRB low pulse duration (no wait states, see Note 4) 


aco seta anemone Son meg Po 
aa MSC valid from CLKOUT1 


TThese values were derived from characterization data and are not tested. 
NOTES: 1. Q = W/4te(C). 
3. A15-AO, PS, DS, IS, R/W, and BR timings are all included in timings referenced as ‘‘address.”’ 
4. Delays between CLKOUT1/CLKOUT2 edges and STRB edges track each other, resulting in twi(SL) and tw(SH) being 20 
with no wait states. 


timing requirements over recommended operating conditions (see Note 1) 


Read data access time from address time (read cycle, see Notes 3 and 5) 
Data read setup time before STRB high 

Data read hold time from STRB high 

READY valid after STRB low (no wait states) 


tdiM-R) READY valid after MSC valid 
thiM-R) | READY hold time after MSC valid 


tThese values were derived from characterization data and are not tested. 

NOTES: -T. *Q = /Atc(C), 
3. A15-AO, PS, DS, IS, R/W, and BR timings are all included in timings referenced as ‘‘address.”’ 
5. Read data access time ts defined as ta(A) > tsu(A) + twiSL) ~ tsu(D)R- 


TEXAS 4% 


INSTRUMENTS B-21 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 


DIGITAL SIGNAL PROCESSOR 


SMJ32020 


memory read t 


td(C1-S) 


iming 


CLKOUT1 


td(C1-S) 


CLKOUT2 


(C2-S) 


et ty 


td(C2-S) 


ma 
c 
- 
” 


R/W 


°, 
"6 


X 
8 
x) 
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0 
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O 


\/ 
Ky 
Vy 
OO 
XX 


v, 
\) 
‘, 
x 
x) 


\A/ 
YY 
O) 
“ 
' 


\A/ 
¢ 
ae 
x 


Ys 


¢, 


7 
x 

OO 
OO 
9. 


0 
¢, 


x 
6°, 


Or 
x 


¢, 


YX 


~ 
x 


\ 


°, 
XY 
0 

oN 


0 
, 
0 

9 


| t 
—4 *— thiD)R 


Ys 


O 
O 
9, 


S, 
O 
OY 


0 
O 


0 
0 


O 
¢, 


O 
O 


y, 
O 
9, 


XX) 
ara 


YYYY 


\7 
errata’ 
oe 


KK 
YY 


xX 
a 


AY 
arate 
OXAAAXXD 
?) 
x 
LA 


x 


¢, 
Xx 
¢, 


Y, 
4 


O 
O 


9, 
O 


e 
.' 


"0% 


“a 


| 
thisL-R) 
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memory wri 
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‘STRB 


R/W 
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one wait-state memory access timing 


CLKOUT1 


CLKOUT2 


D15-DO 
(FOR READ 
OPERATION) 


D15-D0 


(FOR WRITE 
OPERATION) 


MSC 


| 
| 
| | 
| 
| 


| | J} thic2H+-R) 


| LARA RY RO CORO 
WN lll lltstatslettitatatstelelatatatatatet 
©.4,0.0.0.0.0,0.0.6.0,0.0.0.0.0.0.0.0,0.0.0.0.0.0.0.0.0.0.0.0.0, 


AAS averae Oi 


DARABAARAARNAAARAAAIVIE. “MI VAAABAAAAAAAAAAALAAAAAASAAANL 


l 
i | —> i++ thiM-R) || | (DATA 
IN 
1 | 1 j | | I. 
} | fy | | 
! || | | | 
COOOL 
1B eeipatstetctcl 
| | | 


oR RERRRR DAeCeeesatecrstetevere Raye 
SK BRYON I 
SYK KK KON 


9.4.4.6.66.6.0.6.68 


ae tamsc) | | 
— ae tamsc) 
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RS, INT, BIO, AND XF TIMING 


switching characteristics over recommended operating conditions (see Notes 1 and 6) 


ta(RS) CLKOUT1 low to reset state entered 


td(IACK) CLKOUT1 to IACK valid 


TThese values were derived from characterization data and are not tested. 
NOTES: 1. Q = 1/4tg(¢). . 
6 RS, INT, and BIO are asynchronous inputs and can occur at any time during a clock cycle. However, if the specified setup 
time is met, the exact sequence shown in the timing diagrams will occur. INT/BIO fall time must be less than 10 ns. 


timing requirements over recommended operating conditions (see Notes 1 and 6) 


Can now oT 
tsu(IN) INT/BIO/RS setup before CLKOUT1 high | | o500—C—t—“‘ éSCSC‘*dCssCd 
th(IN) INT/BIO/RS hold after CLKOUT1 high ie a ae 
tw(IN) INT/BIO low pulse duration | f tic sti‘ ts | 
twiRS) RS low pulse duration 3tc(C) | ons | 


\ 


NOTES: 1. Q = 1/4tg(¢). 
6. RS, INT, and BIO are asynchronous inputs and can occur at any time during a clock cycle. However, if the specified setup 


time is met, the exact sequence shown in the timing diagrams will occur. INT/BIO fall time must be less than 10 ns. 


CLKOUT1 | | : 
| 
h*— tsu(IN) | . 
| thiiN) 
. mn eff 
: "0°0°0°0'6'0-6°60°6'0'0:0'°0' 0066. 0:6'6'0 0000 6 06 (X) O) 
A15-AO QR RK RRR RIKKI A, R__VALID XY 


} ey 
D15-DO AKAXAKAKAKAKAKAKAKAAKK ARMM (x) 


KKK KKK KKK KKK KKK KI SAG 


| 
| 
PS IIH 111 KY! 


BEGIN 
PROGRAM 
EXECUTION 


XKKK (XX (y (x (x (x (XX (X oe" (X (x (X XX (X (X (XX (X (x CX (x (XY 
STRB QUNRKRKRKKKKKAKK KKK EKA KALA, | 


CONTROL XXXKOOOOOOOO OOOO OK KY 
SIGNALS t RRR RRR RK 119 00 KK 


ED '4'4'0'0'0'0,0'0'0'0,0'0'0'0'6 ORK 0°6°0°0'0'050; 
FACK QO KKK, ESR), REY 


CONTROLS! XXXXXXKXKRAKKKXRXKX KKK RR KKK ERY 


TControl signals are DS, 1S, R/W and XF. 
tSerial port controls are DX and FSX. 
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interrupt timing 


CLKOUT1 | 


STRB 


pi ie HIN) 7 
A15-A0 FETCH N FETCH N+1 FETCH | FETCH 1+1 


‘weer vy eee vee se l:. en + ye ele sel eet ey . oop 6 o's 24-55, Se © 0 ve viet es tei 


' YK XXX KX KIX KX) 
IACK | NYY YY | 


000606006000 06 
ta(lack)  ¢- 


RAAARALAAAAR eOOOO OOo ooee? 


+ ta(lAck) 


BIO timing 


eens NAVA VSM 
| 


| | 
! | 
| 


STRB | 
FETCH el FETCH 
BRANCH ADDRESS , NEXT INSTRUCTION 
; A/ FETCH VA & 
pa XK Taos XKY XK) 
- =N PC N+ 1 1 


PC=N+2 


| 
| thin) —> 
tsu(IN) | | hae 


OR BRANCH ADDRESS 


BIO 
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external flag timing 


> le ta(XF) 
1 et 
A15-A0 OX er «OK ovauiD) =X VALID 
PC=N PC=N+1 PC=N+2 


XF 
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HOLD TIMING 


switching characteristics over recommended operating conditions (see Note 1) 


PARAMETER 


7. A15-A0, PS, DS, iS, STRB, and R/W timings are all included in timings referenced as ‘‘address."' 


—e——ern™nrrereO—— requirements over recommended operating conditions (see Note 1) 


td(C2H-H) HOLD valid after ee high 


'These values were derived from characterization data and are not tested. 
NOTE 1: QO = 1/4te(¢). 


HOLD timing (part A) 


| 
| . 


STRB 
HOLD 
A15-A0 
'PS,DS. 
OR IS 
R/W 
i | 
I | 
N N+1 N/A | 61 NA 
FETCH a 
| 
N-1 N DUMMY | | peap 
EXECUTE SSO SS er, 
be tdis(AL-A) 
HOLDA \U 
td(CIL-AL) —»!  le— 


THOLD is an asynchronous input and can occur at any time during a clock cycle. If the specified timing is met, the exact sequence shown 
will occur; otherwise, a delay of on CLKOUT2 cycle will occur. 
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HOLD timing (part B) 


CLKOUT1 | 
I | 
CLKOUT2 | : Ny 
| | 
pecan RON 
STRB | RRR 
HOLD 
A15-A0 
PS,DS, 
OR IS 
R/W 
| 
o16-00 (a) (*) 
| 
| 
Sevens N/A N/A N+2 N+3 
—_—_ tx 
| 
DEAD DEAD N+1 N+2 
EXECUTE _ SS ee 


| 
| 
1 4 
| 


HOLDA —>| he— tda(HH-AH) 
w | 


THOLD is an asynchronous input and can occur at any time during a clock cycle. If the specified timing is met, the exact sequence shown 
will occur; otherwise, a delay of on CLKOUT2 cycle will occur. 
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SERIAL PORT TIMING 


switching characteristics over recommended operating conditions (see Note 1) 


td(CH-DX) OX valid after CLKX rising edge (see Note 8) 


tdi(FL-Dx) OX valid after FSX falling edge (TXM = O, see Note 8) 


NOTES: 1. Q = 1/4tg¢). 
8. The fast occurrence of FSX falling and CLKX rising. 


timing requirements over recommended operating conditions (see Note 1) 
tce(SCK) Serial port clock (CLKX/CLKR) cycle time . 24,000 
tw(SCK) Serial port clock (CLKX/CLKR) low pulse duration (see Note 9) 0.5tciSCK) 
tw(SCK) Serial port clock (CLKX/CLKR) high pulse duration (see Note 9) 0.5te(SCK) 
tsu(FS) __ FSX/FSR setup time before CLKX/CLKR falling edge (TXM = 0) PeOes Sen ane al 


MIN NOM MAX 
400 
20 
thiFS) FSX/FSR hold time after CLKX/CLKR falling edge (TXM = 0) 
tsu(DR) DR setup time before CLKR falling edge 


thiDR) DR hold time after CLKR falling edge 


n 
n 
n 
n 
n 
n 


$s 
S 
S 
s 
S 
$s 
Ns 


NOTES: 1. Q = 1/4tg¢). 
9. The duty cycle of the serial port clock must be within 40-60%. Serial port clock (CLKX/CLKR) rise and fall times must 
be less than 50 ns. 


serial port receive timing 


\+— tce(SCK) —> 
\¢—_—+ 


| 1 | 
tr(SCK) a i | 


I es 


twiSCK) 


| 

| ie¢—t thiFs) Ii ISCK) Hy twiscK) 
t 

+>, le h(DR) 


fy aloes 
le—>t tsu(FS) f—?r tsu(DR) 


 0°0"8'4°6'4"8'0'0"4'0'00'0'0'0'8''0'9 0000806008 ; 
OOOO OOK . 

QYEIOKOOOOOO OOOO WAAAY? «OY .. ve 
MOO OOOO OK . ' ‘ 
OO yy) 


OR 


. 
RAR AARARRARRRARRARARA 
OOOOH HOO OE EO EHO OES 


serial port transmit timing 


4— tciSck) —> 
{ 1 
*wiSCK) —» ry, ig t1SCK) 


t i) 
| { mi ! 
CLKX L JS \SX 
ee 
. 1 


{i 
ig SCR) ot twisck) 


FSX 
(INPUT, TXM = 0) 


Cad 

z 

vl 

g 
aia ib a 


| —p tdICH-DX) | 
ta(FL-Dx) eS pr ) fe} Sd(CH-DX) 


_CVO—_____—— ee 

i} 
{ zi 
+> © tou(FS) | 
Dx | ! (__n-8.16 ) 
i > © td(CH- 

sel te-rigind car”  tG(CH-FS) 
FSX a 
(OUTPUT, TXM = 1) ] \ 
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MECHANICAL DATA 


68-pin GB pin grid array ceramic package 


TOP VIEW 


28,448 (1.120) 
27,432 (1.080) 
17,02 (0.670) 


pon 


THERMAL RESISTANCE CHARACTERISTICS 


PARAMETER | MAX| UNIT 
Junction-to-free-air 
R 36 °C/W 
OJA thermal resistance } a6 | ecw 
R Junction-to-case oC/W 
bJC thermal resistance 


28,448 (1.120) 
27,432 (1.080) 


17,02 (0.670) 
NOM 


4,953 (0.705) 


2,794 (0.110) 1,397 (0.055) 


MAX 


3,302 (0.130) 0,508 (0.020) .||.- 1,270 (0.050) DIA 
2,794 (0.110) 0,406 (0.015) NOM 
2c BOTTOM VIEW 

L OOOO O© © ©O— 

1©O©© © OO OO OOO|-4 2,84 10.100 

4 TP. 

H 

G 

F 

E 

D 

1,524 (0.060) 

C NOM 

B OOO ©OOGOCOO@SD 4 PLACES 

A CQO©COO©OO©O © @O—|+ 

123 4 5 6 7 8 9 1011 £127 10.050) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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FJ ceramic leaded chip carrier packages 
25,40 (1.000) 
24,89 (0.980) 


24,51 (0.950) 
23,88 (0.910) 


20,52 (0.808) 


20,19 (0.795) THERMAL RESISTANCE CHARACTERISTICS 


| PARAMETER [MAX UNIT | 
thermal resistance 

"0x0 tmmetreananen | © | “OM 
thermal resistance 


Gurren 


a ee 1,98 (0.078) 


1,07 (0.042) 


2,41 (0.095) 


i | 1,91 7.91 (0.075) | 4 


0,28 (0.011) 
0,18 (0.007) 
0,48 (0.019) LID 
0,33 (0.013) 0,38 (0.015) 
0,13 (0.005) 


r 


- 0,81 (0.032) 
0,58 (0.023) 


4 
tt 
‘i 
i 


ae : zs L 0,89 (0.035) 
0,51 (0.020) 1,27 (0.050) 0.64 (0.025) | |_ ase (0.140) 


2 . ; ; ee 
0,25 (0.010) 0,76 (0.030) 3.05 (0.120) 
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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AUGUST 1988 


Military Temperature ... —55°C to 125°C 68-PIN FJ PACKAGE 


; : LEADED CERAMIC CHIP CARRIER 
100-ns Instruction Cycle Time (TOP VIEW) 
@ 544 Words of Programmable On-Chip Data O Ss 
RAM pie le) Boo ee 
eee oe OO 
QA0oaanaagan aa s/Hallrrlamvoo>> 


@ 4K Words of On-Chip Program ROM 
@ 128K Words of Data/Program Space 
@ 16 Input and 16 Output Channels 

@ 16-Bit Parallel Interface 

@ 


Directly Accessible External Data Memory 
Space 


Global Data Memory Interface 
16-Bit Instruction and Data Words 
32-Bit ALU and Accumulator 


Single-Cycle Multiply/Accumulate 
Instructions 


© Oto 16-Bit Scaling Shifter 
@® Bit Manipulation and Logical Instructions 


@ Instruction Set Support for Floating-Point 
Operations, Adaptive Filtering, and 
Extended-Precision Arithmetic 68-PIN GB 


@ Block Moves for Data/Program Management PIN GRID ARRAY CERAMIC PACKAGET 
(TOP VIEW) 


@ Repeat Instructions for Efficient Use of 
Program Space 1 2 3 4 5 6 7 8 9.10 11 


@ Eight Auxiliary Registers and Dedicated 
Arithmetic Unit for Indirect Addressing 


@ Serial Port for Direct Codec Interface 


@©eee8@e8 088 @ @ 

@eeoeoee ee © 

@ Synchronization Input for Synchronous 
Multiprocessor Configurations 


@ Wait States for Communication to Slow 
Off-Chip Memories/Peripherals 


@ On-Chip Timer for Control Operations 


roanmm onOW > 


@ Three External Maskable User Interrupts 


@ Input Pin Polled by Software Branch 
Instruction 


@ Programmable Output Pin for Signaling 
External Devices 
1.8-um CMOS Technology 


Single 5-V Supply TSee Pin Assignments Table (Page 2) and Pin Nomenclature 
Table (Page 3) for location and description of all pins. 


On-Chip Clock Generator 


Packaging: 
— 68-Pin Leaded Ceramic Chip Carrier 
— 68-Pin Grid Array 


PRODUCTION DATA documents contain information j Copyright © 1988, Texas Instruments Incorporated 
current as of publication date. Products conform to Ti 
specifications per the terms of Texas Instruments B-33 
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description 


The SMJ320C25 Digital Signal Processor is a member of the SMJ320 family of VLSI digital signal processors 
and peripherals. The SMJ320 family supports a wide range of digital signal processing applications, such 
as tactical communications, guidance, military modems, sonar, signal processing/Al, image processing, 
speech processing, spectrum analysis, audio processing, digital filtering, high-speed control, graphics, and 
other computation-intensive applications. 


With a 100-ns instruction cycle time and an innovative memory configuration, the SMJ320C25 performs 
operations necessary for many realtime digital signal processing algorithms. Since most instructions require 
only one cycle, the SMJ320C25 is capable of executing ten million instructions per second. On-chip data 
RAM of 544 16-bit words, on-chip program ROM of 4K words, direct addressing of up to 64K words of 
external data memory space and 64K words of external program memory space, and multiprocessor 
interface features for sharing global memory minimize unnecessary data transfers to take full advantage 
of the capabilities of the processor. 


The SMJ320C25 scaling shifter has a 16-bit input connected to the data bus and a 32-bit output connected 
to the ALU. The scaling shifter produces a left shift of O to 16 bits on the input data, as programmed 
in the instruction. The LSBs of the output are filled with zeroes, and the MSBs may be either filled with 
zeroes or sign-extended, depending upon the status programmed into the SXM (sign-extension mode) bit 
of status register ST1. . 


PGA/CLCC PIN ASSIGNMENTS 


FUNCTION FUNCTION FUNCTION FUNCTION FUNCTION FUNCTION 


K1/26 | A12 K8/40 H1/22 | Vcc H2/23 
K2/28 | A13 19/41 J11/46| Vcc L6/35 
L3/29 | A14 K9/42 MC A6/1 Vss B1/10 
K3/30 | A15 L10/43 DS MSC C10/59| Vss K11/44 
L4/31 | BIO B7/68 41 PS J10/47] Vss L2/27 


K4/32 | BR G11/50 B8/66 | XF D11/56 
L5/33 | CLKOUT1 C11/58 RS A8/65 | X1 G10/51 
K5/34 | CLKOUT2 D10/57 HOLD H11/48] X2/CLKIN F11/52 
K6/36 | CLKR B9/64 HOLDA ~-H10/49 
L7/37 | CLKX A9/63 F2/19 
K7/38 | DO F1/18 A10/61 
L8/39 | D1 E2/17 B10/62 
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PIN NOMENCLATURE 


SIGNALS | 1/0/zt DEFINITION 


5-V supply pins 


Ground pins 

Output from internal oscillator for crystal 

Input to internal oscillator from crystal or external clock 
Master clock output (crystal or CLKIN frequency/4) 

A second clock output signal 

16-bit data bus D15 (MSB) through DO (LSB). Multiplexed between program, data, and 1/O spaces. 
16-bit address bus A15 (MSB) through AO (LSB) 

Program, data, and I/O space select signals 

Read/write signal 

Strobe signal 

Reset input 

External user interrupt inputs 

Microprocessor/microcomputer mode select pin 

Microstate complete signal 

Interrupt acknowledge signal 

Data ready input. Asserted by external logic when using slower devices to indicate that the current bus 
transaction is compiete. 

Bus request signal. Asserted when the SMJ320C25 requires access to an external global data memory 
space. 

External flag output (latched software-programmable signal) 

Hold input. When asserted, SMJ320C25 goes into an idle mode and places the data, address, and 
control lines in the high impedance state. 

Hold acknowledge signal 

Synchronization input 

Branch control input. Polled by BIOZ instruction. 

Serial data receive input 

Clock for receive input for serial port 

Frame synchronization pulse for receive input 

Serial data transmit output 

Clock for transmit output for serial port 

Frame synchronization pulse for transmit. Configurable as either an input or an output. 


11/O/Z denotes input/output/high-impedance state. 
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LEGEND: 
ACCH = Accumulator high FR = Interrupt flag register PC - Program counter 
ACCL = Accumulator tow IMR = Interrupt mask register PFC - Prefetch counter 
ALU = Arithmetic logic unit IR = Instruction register ; RPTC = Repeat instruction counter 
ARAU = Auxiliary register arithmetic unit MCS -= Microcail stack GREG = Global memory allocation register 
ARB = Auxiliary register pointer buffer QIR = Queue instruction register RSR = Serial port receive shift register 
ARP = Auxiliary register pointer PR ~ Product register XSR = Serial port transmit shift register 
op = Data memory page pointer PRD = Period register for timer ARO-AR7 = Auxiliary registers 
DRR-~ = Serial port data receive register TIM = Timer STO,ST1 = Status registers 
DXR- = Serial port data transmit register TR = Temporary register c = Carry bit 
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architecture 


The SMJ320C25 architecture is based upon that of the SMJ32020, the second member of the SMJ320 
family. The SMJ320C25 increases performance of DSP algorithms through innovative additions to the 
SMJ320 architecture. SMJ32020 source code is upward-compatible with SMJ320C25 source code and 
can be assembled using the TMS320C25 Macro Assembler. SMJ32020 object code will run directly on 
the SMJ320C25. 


increased throughput on the SMJ320C25 for many DSP applications is accomplished by means of single- 
‘cycle multiply/accumulate instructions with a data move option, eight auxiliary registers with a dedicated 
arithmetic unit, and faster |/O necessary for data-intensive signal processing. 


The architectural design of the SMJ320C25 emphasizes overall speed, communication, and flexibility in 
processor configuration. Control signals and instructions provide floating-point support, block-memory 
transfers, communication to slower off-chip devices, and multiprocessing implementations. 


Two large on-chip RAM blocks, configurable either as separate program and data spaces-or as two 
contiguous data blocks, provide increased flexibility in system design. Programs of up to 4K words can 
be masked into the internal program ROM. The remainder of the 64K-word program memory space is located 
externally. Large programs can execute at full speed from this memory space. Programs can also be 
downloaded from slow external memory to high-speed on-chip RAM. A total of 64K data memory address 
space is included to facilitate implementation of DSP algorithms. The VLSI implementation of the 
SMJ320C25 incorporates all of these features as well as many others, such as a hardware timer, serial 
port, and block data transfer capabilities. 


32-bit ALU/accumulator 


The SMJ320C25 32-bit Arithmetic Logic Unit (ALU) and accumulator perform a wide range of arithmetic 
and logical instructions, the majority of which execute in a single clock cycle. The ALU executes a variety 
of branch instructions dependent on the status o: the ALU or a single bit in a word. These instructions 
provide the following capabilities: 


° Branch to an address specified by the accumulator 
« Normalize fixed-point numbers contained in the accumulator 
¢ Test a specified bit of a word in data memory. 


One input to the ALU is always provided from the accumulator, and the other input may be provided from 
the Product Register (PR) of the multiplier or the input scaling shifter which has fetched data from the 
RAM on the data bus. After the ALU has performed the arithmetic or logical operations, the result is stored 
in the accumulator. 


The 32-bit accumulator is split into two 16-bit segments for storage in data memory. Additional shifters 
at the output of the accumulator perform shifts while the data is being transferred to the data bus for 
storage. The contents of the accumulator remain unchanged. 


scaling shifter 


The SMJ320C25 scaling Shifter has a 16-bit input connected to the data bus and a 32-bit output connected 
to the ALU. The scaling shifter produces a left shift of O to 16 bits on the input data, as programmed 
in the instruction. The LSBs of the output are filled with zeroes, and the MSBs may be either filled with 
zeroes or sign-extended, depending upon the status programmed into the SXM (sign- -extension mode) bit 
of status register ST1. 
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16 x 16-bit parallel multiplier 


The SMJ320C25 has a 16 x 16-bit hardware multiplier; which is sbapebie of computing a signed or unsigned 
32-bit product in a single machine cycle. The multiplier has the following two associated registers: 


- A 16-bit Temporary Register (TR) that holds one of the operands for the multiplier, and 
¢ A 32-bit Product Register (PR) that holds the product. 


Incorporated into the SMJ320€C25 instruction set are single-cycle multiply/accumulate instructions that 
allow both operands to be processed simultaneously. The data for these operations may reside anywhere 
in internal or external memory, and can be transferred to the multiplier each cycle via the program and 
data buses. 


Four product shift modes are available at the Product Register (PR) output that are useful when performing 
multiply/accumulate operations, fractional arithmetic, or justifying fractional products. 


timer 


The SMJ320C25 provides a memory-mapped 16-bit timer for control operations. The on-chip timer (TIM) 
register is a down counter that is continuously clocked by CLKOUT1. A timer interrupt (TINT) is generated 
every time the timer decrements to zero. The timer is reloaded with the value contained in the period (PRD) 
register within the next cycle after it reaches zero so that interrupts may be programmed to occur at regular 
intervals of PRD + 1 cycles of CLKOUT1. 


memory control 


The SMJ320C25 provides a total of 544 16-bit words of on-chip data RAM, divided into three separate 
blocks (BO, B1, and B2). Of the 544 words, 288 words (blocks B1 and B2) are always data memory, and 
256 words (block BO) are programmable as either data or program memory. A data memory size of 544 
words allows the SMJ320C25 to handle a data array of 512 words (256 words if on-chip RAM is used 
for program memory), while still leaving 32 locations for intermediate storage. When using block BO as 
program memory, instructions can be downloaded from external program memory into on-chip RAM and 
then executed. 


When using on-chip program RAM, ROM, or high-speed external program memory, the SMJ320C25 runs 
at full speed without wait states. However, the READY line can be used to interface the SMJ320C25 
to slower, less-expensive external memory. Downloading programs from slow off-chip memory to on-chip 
program RAM speeds processing while cutting system costs. 


The SMJ320C25 provides three separate address spaces for program memory, data memory, and I/O. 
The on-chip memory is mapped into either the 64K-word data memory or program memory space, depending 
upon the memory configuration. The CNFD (configure block BO as data memory) and CNFP (configure 
block BO as program memory) instructions allow dynamic configuration of the memory maps through 
software. Regardless of the configuration, the user may still execute from external program memory. 


The SMJ320C25 has six registers are mapped into the data memory space: a serial port data receive register, 
serial port data transmit register, timer register, period register, interrupt mask register, and global memory 
allocation register. 
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PROGRAM PROGRAM DATA 


O(>0000) INTERRUPTS (> 0000) INTERRUPTS Ot > 0000) ON-CHIP 
AND RESERVED AND RESERVED MEMORY-MAPPED 
(EXTERNAL) (ON-CHIP ROM) REGISTERS 
31(>001F) 31(>001F) 5(>0005) 
32(>0020) 32(>0020) ’ 6(>0006) 
7 si as RESERVED PAGE 0 
4015( > OFAF) 95(>005F) 
4016(>OFBO) 96(>0060) 
RESERVED ON-CHIP 
BLOCK B2 
4095( > OFFF) 127(>007F) 
4096( >1000) 128(>0080) 
RESERVED PAGES 1-3 
511(>01FF) 
EXTERNAL EXTERNAL 512(>0200) GREECE 
BLOCK BO PAGES 4-5 
767(>02FF) 
: BLOCK B1 
1023(>03FF) 
1024(>0400) | 
EXTERNAL PAGES 8-511 
65,535( > FFFF) 65,535(>FFFF) 65,535(>FFFF) 
iF MP/MC = 1 IF MP/MC = 0 
(MICROPROCESSOR MODE) (MICROCOMPUTER MODE 
ON TMS320C25 ONLY) 
(a) MEMORY MAPS AFTER A CNFD INSTRUCTION 
PROGRAM PROGRAM DATA 
O{> 0000) | INTERRUPTS O{>0000)| INTERRUPTS eee ON-CHIP 
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(MICROPROCESSOR MODE) (MICROCOMPUTER MODE 
ON TMS320C25 ONLY) 


(b) MEMORY MAPS AFTER A CNFP INSTRUCTION 


FIGURE 1. MEMORY MAPS 
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interrupts and subroutines 


The SMJ320C25 has three external maskable user interrupts INT2-INTO, available for external devices 
that interrupt the processor. Internal interrupts are generated by the serial port (RINT and XINT), by the 
timer (TINT), and by the software interrupt (TRAP) instruction. Interrupts are prioritized with reset (RS) having 
the highest priority and the serial port transmit interrupt (XINT) having the lowest priority. All interrupt 
locations are on two-word boundaries so that branch instructions can be accommodated in those locations 
if desired. 


A built-in mechanism protects multicycle instructions from interrupts. If an interrupt occurs during a ° 
multicycle instruction, the interrupt is not processed until the instruction is completed. This mechanism 
applies both to instructions that are repeated or become multicycle due to the READY signal. 


external interface 


The SMJ320C25 supports.a wide range of system interfacing requirements. Program, data, and I/O address 
spaces provide interface to memory and I/O, thus maximizing system throughput. I/O design is simplified 
by having I/O treated the same way as memory. I/O devices are mapped into the |/O address space using 
the processor’s external address and data buses in the same manner as memory-mapped devices. Interface 
to memory and I/O devices of varying speeds is accomplished by using the READY line. When transitions 
are made with slower devices, the SMJ320C25 processor waits until the other device completes its function 
and signals the processor via the READY line. Then, the SMJ320C25 continues execution. 


A full-duplex serial port provides communication with serial devices, such as codecs, serial A/D converters, 
and other serial systems. The interface signals are compatible with codecs and many other serial devices 
with a minimum of external hardware. The serial port may also be used for intercommunication between 
processors in multiprocessing applications. 


The serial port has two memory-mapped registers: the data transmit register (DXR) and the data receive 


‘register (DRR). Both registers operate in either the byte mode or 16-bit word mode, any may be accessed 


in the same manner as any other data memory location. Each register has an external clock, a framing 
synchronization pulse, and associated shift registers. One method of multiprocessing may be implemented 
by programming one device to transmit while the others are in the receive mode. 


- multiprocessing 


The flexibility of the SMJ320C25 allows configurations to satisfy a wide range of system requirements. 
The SMJ320C25 can be used as follows: 


« A standalone processor 

¢ A multiprocessor with devices in parallel 

e A slave/host multiprocessor with global memory space 
¢ A peripheral processor interfaced via processor-controlled signals to another device. 


For multiprocessing applications, the SMJ320C25 has the capability of allocating global data memory space 
and communicating with that space via the BR (bus request) and READY control signals. Global 
memory is data memory shared by more than one processor. Global data memory access must be arbitrated. 
The 8-bit memory-mapped GREG (global memory allocation register) specifies part of the SMJ320C25’s 
data memory as global external memory. The contents of the register determine the size of the global 
memory space. If the current instruction addresses an operand within that space, BR is asserted to request 
control of the bus. The length of the memory cycle is controlled by the READY line. 


The SMJ320C25 supports DMA (direct memory access) to its external program/data memory using the 
HOLD and HOLDA signals. Another processor can take complete control of the SMJ320C25’s external 
memory by asserting HOLD low. This causes the SMJ320C25 to place its address, data, and control 
lines in a high-impedance state, and assert HOLDA. Program execution from on-chip memory may proceed 
concurrently while the device is in the hold mode. 
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instruction set 


The SMJ320C25 microprocessor implements a comprehensive instruction set that supports both numeric- 
intensive signal processing operations as well as general-purpose applications, such as multiprocessing 
and high-speed control. The SMJ32020 source code is upward-compatible with SMJ320C25 source code. 
SMJ32020 object code runs directly on the SMJ320C25. 


For maximum throughput, the next instruction is prefetched while the current one is being executed. Since 
the same data lines are used to communicate to external data/program or I/O space, the number of cycles 
may vary depending upon whether the next data operand fetch is from internal or external program memory. 
Highest throughput is achieved by maintaining data memory on-chip and using either internal or fast external 
program memory. 


addressing modes 


The SMJ320C25 instruction set provides three memory addressing modes: direct, indirect, and immediate 
addressing. 


Both direct and indirect addressing can be used to access data memory. In direct addressing, seven bits 
of the instruction word are concatenated with the nine bits of the data memory page pointer to form the 
16-bit data memory address. Indirect addressing accesses data memory through the five auxiliary registers. 
In immediate addressing, the data is based on a portion of the instruction word(s). 


In direct memory addressing, the instruction word contains the lower seven bits of the data memory address. 
This field is concatenated with the nine bits of the data memory page pointer to form the full 16-bit address. 
Thus, memory is paged in the direct addressing mode with a total of 512 pages, each page containing 
128 words. 


Eight auxiliary registers (ARO-AR7) provide flexible and powerful indirect addressing. To select a specific 
auxiliary register, the Auxiliary Register Pointer (ARP) is loaded with a value from O through 7 for ARO 
through AR7, respectively. 


There are seven types of indirect addressing: auto-increment or auto-decrement, post-indexing by either 
adding or subtracting the contents of ARO, or single indirect addressing with no increment or decrement 
and bit-reversal addressing (used in FFTs) with increment or decrement. All operations are performed on 
the current auxiliary register in the same cycle as the original instruction, followed by a new ARP value 
being loaded. 


repeat feature 


A repeat feature, used with instructions such as multiply/accumulates, block moves, I/O transfers, and 
table read/writes, allows a single instruction to be performed up to 256 times. The repeat counter (RPTC) 
is loaded with either a data memory value (RPT instruction) or an immediate value (RPTK instruction). The 
value of this operand is one less than the number of times that the next instruction is executed. Those 
instructions that are normally multicycle are pipelined when using the repeat feature, and effectively become 
single-cycle instructions. 


instruction set summary 


Table 1 lists the symbols and abbreviations used in Table 2, the instruction set summary. Table 2 consists 
primarily of single-cycle, single-word instructions. Infrequently used branch, I/O, and CALL instructions 
are multicycle. The instruction set summary is arranged according to function and alphabetized within each 
functional grouping. The symbol (T) indicates those instructions that are not included in the SMJ32010 
instruction set. The symbol (+) indicates instructions that are not included in the SMJ32020 instruction set. 
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TABLE 1. INSTRUCTION SYMBOLS 


os symBoL | MEANING: 


4-bit field specifying a bit code 

2-bit field specifying compare mode 

Data memory address field 

Format status bit 

Addressing mode bit 

Immediate operand field 

Port address (PAO through PA15 are predefined 


assembler symbols equal to O through 15, 


respectively). 

2-bit field specifying P register output shift code 
3-bit operand field specifying auxiliary register 
-4-bit left-shift code 

3-bit accumulator left-shift field 
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TABLE 2. SMJ320C25 INSTRUCTION SET SUMMARY 


ACCUMULATOR MEMORY REFERENCE INSTRUCTIONS 


INSTRUCTION BIT noes 


151413121110 9 8 7 6 5 43210 


0001 1 
<p -—___> 
?+_____.—_____» 
——_—___ )) —___» 


MNEMONIC DESCRIPTION 


Absolute value of accumulator 
Add to accumulator with shift 
Appc?t Add to accumulator with carry 
ADDH Add to high accumulator 

ADDK? Add to accumulator short immediate 
ADDS Add to low accumulator with sign 


extension suppressed 


ADpDTt Add to accumulator with shift specified by 
T register 
ADLKT Add to accumulator long immediate with shift <+sS—» 00000 1 0 


AND with accumulator 


AND immediate with accumulator with shift 


CMPLtT Complement accumulator 
Load accumulator with shift 


Load accumulator immediate short 


LACT! Load accumulator with shift specified by T register 
LALKt Load accumulator long immediate with shift 

NEGt Negate accumulator 

NORM! Normalize contents of accumulator 


OR with accumulator 
OR immediate with accumulator with shift 


Rotate accumulator left 
ROR? Rotate accumulator right ; 

SACH Store high accumulator with shift 

SACL Store low accumulator with shift 

SBLKt Subtract from accumulator long immediate with shift 
SFLT Shift accumulator left 

SFRt Shift accumulator right 

Subtract from accumulator with shift 
Subtract from accumulator with borrow 
SUBC Conditional subtract 

SUBH Subtract from high accumulator 

suBKt Subtract from accumulator short immediate 


Oe 0 i i rn on © Pe ee) 
oo oo oO 0 00 0 f27frF0 0 00 000007000 0 
oo oO oO 0 - oo feoooofr OO OUmwr HKCUOUCUCUNMCOUCUNDULw Rt COUR 


SUBS Subtract from low accumulator with sign 
extension suppressed 


suBTt Subtract from accumulator with shift specified by 

T register 
XOR Exclusive-OR with accumulator 
xORK! Exclusive-OR immediate with accumulator with shift 
ZAC Zero accumulator 
ZALH Zero low accumulator and load high accumulator 
ZALR+ Zero low accumulator and load high accumulator 


with rounding 


ZALS Zero accumulator and load low accumulator with 


sign extension suppressed 


TThese instructions are not included in the SMJ32010 instruction set. 
*These instructions are not included in the SMJ32020 instruction set. 
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TABLE 2. SMJ320C25 INSTRUCTION SET SUMMARY (CONTINUED) 


AUXILIARY REGISTERS AND DATA PAGE POINTER INSTRUCTIONS 


NO. INSTRUCTION BIT CODE 
MNEMONIC DESCRIPTION 
WORDS 


1514131211109 8 76543210 
Add to auxiliary register short immediate 
Compare auxiliary register with auxiliary register ARO 
Load auxiliary register 
Load auxiliary register short immediate 
0 0 0 
Oo | <@«——D——— 


Load auxiliary register pointer 

Load data memory page pointer 
O .). Se 
Rw 0000000 0 
LO DS 


Load data memory page pointer immediate 
Load auxiliary register long immediate 
Modify auxiliary register 

Store auxiliary register —R | «-———_)-———— 


| <«—_——_——_——K —____—_> 


Prete i 
ooor7r 7] 007-7 0+ 0 
7m - OO 0COcUcrOCUClcUcOUcUOUUL rl OlUlUr 


Subtract from auxiliary register short immediate 


T REGISTER, P REGISTER, AND MULTIPLY INSTRUCTIONS 


NO. INSTRUCTION BIT CODE 
MNEMONIC DESCRIPTION 
“| WORDS 


151413121110 
Add P register to accumulator 


Load T register 
Load T register and accumulate previous product 


8 
0 
Load high P register , 1 
O 
1 
1 


Load T register, accumulate previous product, 

and move data 

Load T register and store P register in accumulator 
Load T register and subtract previous product 
Multiply and accumulate 

Multiply and accumulate with data move 

Multiply (with T register, store product in P register) 
Multiply and accumulate previous product 

Multiply immediate 

Multiply and subtract previous product 

.Multiply unsigned 

Load accumulator with P register 

Subtract P register from accumulator 

Store high P register 

Store low P register 

Set P register output shift mode 

Square and accumulate 


oo - OO fe Pe HP OoOHKFHF OOUOULULUCUOULUCUNUCUCO 


(oe Oe Oe © © 


Square and subtract previous product 


These instructions are not included in the SMJ32010 instruction set. 
tThese instructions are not included in the SMJ32020 instruction set. 
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TABLE 2. SMJ320C25 INSTRUCTION SET SUMMARY (CONTINUED) 


BRANCH/CALL INSTRUCTIONS 


NO. INSTRUCTION BIT CODE 
MNEMONIC DESCRIPTION 
WORDS 


1614131211109 8 765 43 2 1 0 
ay: 19101 <———-D———_> 


0 O 


Branch unconditionally 

Branch to address specified by accumulator 
Branch on auxiliary register not zero 
Branch if TC bit # O 

Branch if TC bit = O 

Branch on carry 

Branch if accumulator > O 

Branch if accumulator > O 

Branch on 1/O status = O 

Branch if accumulator < O 

Branch if accumulator < O 

Branch on no carry 

Branch if no overflow 

Branch if accumulator 

Branch on overflow 

Branch if accumulator 

Call subroutine indirect 

Call subroutine 


~ NYO RS|B NN NY NM NON NNN NN KH NY DN H NH 


1 
1 
1 
1 
1 
O 
1 
1 
1 
1 
1 
O 
1 
1 
1 
1 
l 
1 
1 


a ee ee ee ee ee ee a ee a a a ee a ee a a F 


1 
6) 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
0 


1 
1 
O 
0 
1 
O 
O 
1 
1 
1 
1 
1 
6) 
0 
1 
1 
1 
1 


oo oO 0 0 7272700700002 «0 


0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
O 
1 
O 


1 
0 
1 
1 
1 
0 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
6) 
1 
O 


Return from subroutine 


1/0 AND DATA MEMORY OPERATIONS 


NO. INSTRUCTION BIT CODE 
DESCRIPTION 
WORDS 


1514131211109 8 765 43 21 0 


Block move from data memory to data memory 
Block move from program memory to data memory 
Data move in data memory 

Format serial port registers 

input data from port 

Output data to port 

Reset serial port frame synchronization mode 
Reset serial port transmit mode 

Reset external flag 

Set serial port frame synchronization mode 

Set serial port transmit mode 

Set external flag 

Table read 

Table write 


ee nn ed © eo) 
oorf- =.= =.= = em So Se oa ao CO - a 
> a Se cn eon 
oo o0o0o0o0o°0o.cmUmUmD8 dw BwChUCUOOUCOUOUCUO UL Sl 
-> -ooococoqo o0o0o0s - = 
ee ee ee ee ee ce ce | 

BOS OOS OS. 

--ocoo00000--0- - 


TThese instructions are not included in the SMJ32010 instruction set. 
+These instructions are not included in the SMJ32020 instruction set. 
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tThese instructions are not included in the SMJ32010 instruction set. 
tThese instructions are not included in the SMJ32020 instruction set. 


TABLE 2. SMJ320C25 INSTRUCTION SET SUMMARY (CONCLUDED) 


CONTROL INSTRUCTIONS 


DESCRIPTION 


Test bit 

Test bit specified by T register 
Configure block as data memory 
Configure block as program memory 
Disable interrupt 

Enable interrupt 

Idle until interrupt 

Load status register STO 

Load status register ST1 

No operation 

Pop top of stack to low accumulator 
Pop top of stack to data memory 
Push data memory value onto stack 
Push low accumulator onto stack 
Reset carry bit 

Reset hold mode 

Reset overflow mode 

Repeat instruction as specified by data memory value 
Repeat instruction as specified by immediate value 
Reset sign-extension mode 

Reset test/control flag 

Set carry bit 

Set hold mode 

Set overflow mode 

Store status register STO 

Store status register ST 1 

Set sign-extension mode 

Set test/control flag 

Software interrupt 


NO. 
WORDS 


oe ee rs a So i i i i i nn ey 


INSTRUCTION BIT CODE 


1914131211109 8 76543 2 1 0 


| 


-o 0 0 0 --00--00000o > - 


1 
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1 
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O 
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development systems and software support 


Texas Instruments offers concentrated development support and complete documentation for designing 
an SMJ320C25-based microprocessor system. When developing an application, tools are provided to 
evaluate the performance of the processor, to develop the algorithm implementation, and to fully integrate 
the design’s software and hardware modules. When questions arise, additional support can be obtained 
by calling the nearest Texas Instruments Regional Technology Center (RTC). 


Sophisticated development operations are performed with the TMS320C25 Macro Assembler/Linker, 
Simulator, and Emulator (XDS). The macro assembler and linker are used to translate program modules 
into object code and link them together. This puts the program modules into a form which can be loaded 
into the TMS320C25 Simulator or Emulator. The simulator provides a quick means for initially debugging 
SMJ320C25 software while the emulator provides the real-time in-circuit emulation necessary to perform 
system level debug efficiently. 


Table 3 gives a complete list of SMJ320C25 software and hardware development tools. 
TABLE 3. TMS320C25 SOFTWARE AND HARDWARE SUPPORT 


MACRO ASSEMBLERS/LINKERS 
Operating System 


TMDS324210-08 
TIVIBM PC TMDS3242810-02 


Operating System Part Number 
DEC VAX TMDS3242211-08 
TIABM PC MS/PC-DOS TMDS324281 1-02 


. EMULATORS 
Saar. 
XDS/22 Included T™MDS3262221 
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absolute maximum ratings over specified temperature range (unless otherwise noted) t 


Supply voltage range, Vcc? ........ 0.0.00 cee eee eee eee ee -0.3Vto7V 
Input: Voltage [ange £.< «<6 bad wre orb ee ea ee wae ERG we Re Galo a -0.3Vto7V 
Output voltage range. 45.544: eee Gk hk ah oe etd eS aed wa ee a -0.3Vto7V 
Continuous power dissipation ........0.0.0.0.0 0000 cece ee ee ee eee eee eee eee eae 1.0 W 
Storage temperature range ......... 0.00. ee ee eee —65°C to 150°C 


TStresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating 
Conditions’’ section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 
device reliability. 

All voltage values are with respect to Vss. 


recommended operating conditions 


DB15-DBO, FSX 
CLKIN, CLKR, CLKX 
All others 
DB15-DBO, FSX, CLKIN, CLKR, CLKX 
All others 
IoOH High-level output current 


Vit Low-level input voltage 


loL Low-level output current 
Ta Minimum operating free-air temperature 


Tc Maximum operating case temperature 


electrical characteristics over specified free-air temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPS MAX | UNIT 


Vec = MIN, Ion = MAX 
VOH_ High-level output voltage 
Vcc = MAX, Io = 20 nA Vcc -0.41 
VoL Low-level output voltage Vcc = MIN, lot = MAX 0.3 0.6 
-—20 


Input current Vi = Vas 0 Voc [=10 10 [| »A_| 


| eee iF 
Icc Supply current Vcc = MAX, fy = MAX 


SAll typical values are at Vec = 5 V, Ta = 25°C. 
IThis value is guaranteed but not tested. 


{ y ~ Caution. This device contains circuits to protect its inputs and outputs against damage due to high static voltages or electrostatic 

fields. These circuits have been qualified to protect this device against electrostatic discharges (ESD) of up to 2 kV according 
to MIL-STD-883C, Method 3015; however, it is advised that precautions be taken to avoid application of any voltage higher than maximum 
rated voltages to these high-impedance circuits. During storage or handling, the device leads should be shorted together or the device 
should be placed in conductive foam. In a circuit, unused inputs should always be connected to an appropriated logic voltage level, preferably 
either Vcc or ground. Specific guidelines for handling devices of this type are contained in the publication ‘’Guidelines for Handling Electrostatic- 
Discharge Sensitive (ESDS) Devices and Assemblies’’ available from Texas Instruments. 
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Dee 
CLOCK CHARACTERISTICS AND TIMING 


The SMJ320C25 can use either its internal oscillator or an external frequency source for a clock. 


internal clock option 


The internal oscillator is enabled by connecting a crystal across X1 and X2/CLKIN (see Figure 2). The 
frequency of CLKOUT1 is one-fourth the crystal fundamental frequency. The crystal should be either 
fundamental or overtone mode, and parallel resonant, with an effective series resistance of 30 ohms, a 
power dissipation of 1 mW, and be specified at a load capacitance of 20 pF. Note that overtone crystals 
require an. additional tuned LC circuit (see the application report, Hardware Interfacing to the TMS320C25). 


PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT 
Input clock frequency —~55°C MIN 6.77 40.0T 
10 


Cr, C2 ngs = 125°C MAX 


TThese values are derived from characterization data and are not tested. 


Ane 


FIGURE 2. INTERNAL CLOCK OPTION 


external clock option 


An external frequency source can be used by injecting the frequency directly into X2/CLKIN with X11 left 
unconnected. The external frequency injected must conform to the specifications listed in the following table. 


switching characteristics over recommended operating conditions (see Note 1) 


ici CLKOUT1/CLKOUT2 cycle time 


td(CIH-c) CLKIN high to CLKOUT1/CLKOUT2/STRB high/low eee 
tic) CLKOUT1/CLKOUT2/STRB fall time Fw 


NOTE 1: Q = 1/4tgi¢). 
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timing requirements over recommended operating conditions (see Note 1) 


te(Cl) CLKIN cycle time 
tw(CIL) CLKIN fow pulse duration, tc(c}) = 25 ns (see Note 2) 


tw(CIH) CLKIN high pulse duration, tc(c}) = 25 ns (see Note 2) 


tsu(S) | SYNC setup time before CLKIN low 
ths) SYNC hold time from CLKIN low 


NOTES: 1. Q = 1/4tgc). 
2. CLKIN duty cycle [tr(c}) + tw(CIH)]/tc(cl) must be within 40-60%. CLKIN rise and fall times must be less than 5 ns. 


Vv 


lon/loL 
FROM OUTPUT 


UNDER TEST TEST 
POINT 


FIGURE 3. TEST LOAD CIRCUIT 


a =——~—— Vin (MIN) 


—— — = Vit (MAX) 


(a) INPUT 


24V— 
oie a Von (MIN) 
0.8 V™ 


(b) OUTPUTS 


FIGURE 4. VOLTAGE REFERENCE LEVELS 
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MEMORY AND PERIPHERAL INTERFACE TIMING 


switching characteristics over recommended operating conditions (see Note 1) 


ta(mScC) MSC valid from CLKOUT1 


| tsu(D)R Data read setup time before STRB high 23 
thiD)R Data read hold time from STRB high 


th(C2H-R) READY hold after CLKOUT2 high Q+3t 
td(M-R READY valid after MSC valid . 
th(M-R) | READY hold time after MSC valid ot 


TThese values were derived from characterization data and are not tested. 
NOTES: 1. Q = 1/4tg(c). 
3. A15-AO, PS, DS, IS, R/W, and BR timings are all included in timings referenced as ‘‘address."’ 
4. Delays between CLKOUT1/CLKOUT2 edges and STRB edges track each other, resulting in tw(SL) and tw(SH) being 20 
with no wait states. 
5. Read data access time is defined as ta(a) = tsu(A) + twi(SL) — tsu(D)R: 


S ip 
TEXAS 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


B-51 


SMJ320C25 
DIGITAL SIGNAL PROCESSOR 


RS, INT, BIO, AND XF TIMING 


switching characteristics over recommended operating conditions (see Note 1) 


td(IACK) CLKOUT1 to IACK valid 
td(XF) XF valid before falling edge of STRB 


TThese values are derived from characterization data and are not tested. 


timing requirements over recommended operating conditions (see Note 1) 


tsu(IN) INT/BIO/RS setup before CLKOUT1 high 


th(IN) T/BIO/RS hold after CLKOUT1 high 


T/BIO low pulse duration 


HOLD TIMING 


switching characteristics over recommended operating conditions (see Note 1) 
PARAMETER 


tdis(C1L-A) Address three-state after CLKOUT1 low (HOLD mode, see Note 7) 


ten(A-C1L) | Address driven before CLKOUT1 low (HOLD mode, see Note 7) 


td(C2H-H) HOLD valid after CLKOUT2 high 


TThese values are derived from characterization data and are not tested. 
NOTES: 1. Q = 1/4tg¢). 
6. RS, INT, and BIO are asynchronous inputs and can occur at any time during a clock cycle. However, if the specified 
setup time is met, the exact sequence shown in the timing diagram will occur. INT/BIO fall time must be less than 8 ns. 
7. A15-A0, PS, DS, IS, STRB, and R/W timings are all included in timings referenced as ‘‘address.”’ 
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SERIAL PORT TIMING 


switching characteristics over recommended operating conditions (see Note 1) 


td(FL-DX) DX valid after FSX falling edge (TXM = O, see Note 8) 


td(CH-FS) FSX valid after CLKX rising edge (TXM = 


Serial port frequency 


x Serial port clock (CLKX/CLKR) cycle time 


Ciesck] Sail port lock {CLIXIGEKR Tow pubs dain fase Wate BF] “89 
[ewiSCk) Serial port clock (CLKX/GLKR) high pulse duration (see Note 9) ——~S~rSCiSSSCS*~C~“~*~dC 
tsu(FS) -SxIFSR setup time before CLKX/CLKR falling edge iM 2 ee 
[tnies) __FSXIFSR hold time after CLKXICLKR faling edge (TXM= 0) ——S==—S=dSCSSSSCSC~dCS 
FteuiDR) DR setup time before CLKR falingedgeSSCSC~C~—~S*C*~‘“—~—*S*S*~‘iSISCSCSC~“‘~‘~*~*~*~*~*diC CS 
DR hold time after CLKR falling edge 20 | ons | 


NOTES: 1. Q = 1/4tg¢). 
8. The last occurrence of FSX falling and CLKX rising. 


9. The duty cycle of the serial port clock must be within 40-60%. Serial port clock (CLKX/CLKR) rise and fall times must 
be less than 25 ns. 


TEXAS 4p B-53 
INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


SMJ320C25 
DIGITAL SIGNAL PROCESSOR 


TIMING DIAGRAMS 


Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.2 
volts, unless otherwise noted. 


clock timing 
—— Htc 
‘4(C1) oy _— 
| 


{ | | ' | 
| r—t tsu(S) | peel terig) tw(CIL) +o 
| 


| b+ this) ——= | ; 
l coo il bene ty (OHH) - 
SYNC l | | \ 
| te(CIH-C)-->—4 


‘ Cee eee 
“wt td (CIH-C) | (Ce | 


| 
{ 
! f*—r td(CIH-C) | — tric) Fe—tt(C) 
| 
| 


| 
| | | | | 
- *«QUT2 | | \ | | 
| | | b> —— tw ict) ——> I ji 


| 
| 
lee td(C1-C2) 04 | bew- t4(C1-C2)-e4 ; | tic) ke 
| reta(c1-c2)-4 pe 
he td(C1-C2)- fC) 
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memory read timing 


re" d(C 1-S) 
| 


| 
CLKOUT1 | | | 
| 


he ta(C1-S) 
| 


CLKOUT2 \ / \ l / 
| 


| a 
et pe—ty(C2-5) _.! fe taic2-s) 


R/W 


td(SL-R) | 


je—tsu(D)R—e! 
| 


wah 
— 


Ox K XK KX XK KKK KK KK KOK OMY xX XK X XX XK KX KX XXX xX 
URAC AUAAO0.0.0.0.0,000,0,006 MAME ROCOOOOM 000000000000 
me thiSL a ol) pe thiDIR 


t 
DATA 


memory write timing 


CLKOUT1 ee SCSC*COC NG 
cLikouT2 \ / \ / 


A15-A0O vay . : Vay, 
a et Ox» XX) 
ee OY { VALID { YY 


| | 
| —_ 
| | | 


| | 
XOXOXO OKO KKK VY XXXKKX KKK KKK XK KKK KOK) 
READY RR KK RK K RLY KKK KKK 
i tsuDyw-t2—— TRI 
se <i cc 
| (43454) ay. 
—ol ™—ten(D) be ti5() — 
} 4 
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one wait-state memory access timing 


CLKOUT1 Ne CO Ne t~—<i—s«~CS 


l | ——t th(C2H-R) 


OR iS RY KY 
h—t- thiC2H-R) 
td(C2H-R)—eed a 7 i 


td(C2H-R) => re [ 


KKK KKK KKK) KKK ERK KKK KKH AER RK KKK KKK 
READY KR K RK KKK KKK RRR ARAKI 
| he taim-R)-m a m jae M thiM-R) = 
(FOR READ as , | 
OPERATION) | { 


D15-D0 


XK KKM 
(FOR WRITE OX XK KY 
OPERATION) | — NAKKY : 
| a | ! 
VJ/V\SVSVS NY | | VAVFI VS NSIS SVS VS YS VSS YS SYK TaVaVaVaaVavavava¥avatara¥, 
—. KXXKM iA COOCCOCOCCECOOOE: XK KKK KKK KM ) 
MSC YQ PREECE QR, 


{ 
| | —-| ety 
(MSC) 
— — tuimsc) 
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oh 


f 
| 
| 
} thiiN) 
a 
20,0050, 0.0, 0.0: 0° 0.0. 0.0.0.0. 0. 00.0. 0:0' 0.0.0.0. 0.0.0.0 
AT5-AO SRR RRR RK ERROR RRR 


reset timing 


CLKOUT1 


| 

| 

f™— tsu(IN) | 
tdiRS) 


| 

9°0'0''070,6°0,0'4,0°0°0°0'0'0'070,6'0'0'0'0°0°0°9'6'6°6°8 

DS OO I BC WW I IK KN i Ry 
| 


FFF 9, Fa Var asl ataravartatatavartatartartartatartatatata*atatata* 
PS KR RRR RII KIKI ICY | 
| 


BEGIN 
PROGRAM 


CK IK Ny EXECUTION 
i 


ol a 
XXX (XX (x (XX CX (X XXX cy CX {X (X (% CX (X (XX r(XxXX (X YY (X (y 
STE RRR RROD a 
CONTROL OOOO OOO OOK CK KKK XY 
SIGNALS 1 XXX KKK KKK KY | 


D> @'0'0'0:0'0 666666666 OxxXXX) xX XX) OOK XO) OOOO Y 
TACK QO OK IKK ES), ALY, ERY, ERY, KRY 


SERIAL PORT XXX ROO OOO 
CONTROLS! XRXRKKKRR KKK KKK KKK KY 


TControl signals are DS, iS, R/W, and XF. 
+Serial port controls are DX and FSX. 


interrupt timing 


CLKOUT1 | ' 
| | 
| | | 
| I 
! | 
STAB 
| 
——{ — F™ tsuriny | — both (IN) 
tw(IIN) | 
ee | | 
INT 2-INTO 2: | | 
| | | 
= tE(IN) 


ot | 
FETCH N+1 FETCH | 


taiAcK) == Cid 
{=| td (lACcK) 


A15-A0 


ACK RY YY KY), 
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BIO timing 


pen “NH SF NY SF Ne | 
| . 


| FETCH FETCH 
| 


BRANCH ADDRESS NEXT INSTRUCTION 


A15-A0 


PC =N PC=N+1 
tsu(IN) bp 
| PC=N+2 PC=N+3 


[La Po thin) OR BRANCH ADDRESS 


BIO ORRYXOK Fino SO KKK REX KRY ‘ 


OX Oe KY COCCCCECCE 
OS ee OY OX WX Xy XX OX OK ? 


external flag timing 


a I FT er FO 


— Le taixr) 


PC=N PC=N+1 PC=N+2 


PC=N+3 


KEKE 
XF OX OOO KK OY YY 


B-58 TEXAS 4% 


INSTRUMENTS 


POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


SMJ320€25 
DIGITAL SIGNAL PROCESSOR 


HOLD timing (part A) 


| 
| 
| 
CLKOUT2 | 


wll ty(CIL-AL) 


FETCH 


N - 2 N-— 1 N = 


EXECUTE 


THOLD is an asynchronous input and can occur at any time during a clock cycle. If the specified timing is met, the exact sequence shown 
will occur; otherwise, a delay of one CLKOUT2 cycle will occur. 
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HOLD timing (part B) 


| 
| 
| 


| 
| 
a | bee ten(A-C1L) 


| 

ep taic2H-H)! 

HOLD " ] 
| | 


| 
—oe) pe td (HHA) | 
| : 
HOLDA | [ 
| 
| 
t 
A15-A0 C) N +2 () N+ 2 
OY, y 
FETCH _ Es N +2 
EXECUTE - a 7 Nt 


THOLD is an asynchronous input and can occur at any time during a clock cycle. If the specified timing is met, the exact sequence shown 
will occur; otherwise, a delay of one CLKOUT2 cycle will occur. 
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serial port receive timing 


be—— tc (SCK) ——w->4 
| : 


7 twiSck) 
leiscKIemy Fe 
' | { ! 
CLKR | 
| | 
| t ¢ 
fo eee | wSCKI—ed be. | 
FSR | aaa = bo——ot— twiSCK) 
| 
—al bao tsu(FS) — I+} tsuioR) N=8.16 
\/ "0; 0°6°6'646°6°6'6' 6-6" » (XXX XXX) AX / XX XX XXKA, 
OF RROD IKDRRARIK DRESAA SAR) 


serial port transmit timing 


p——tc(SCK) —— 
| 


t “I eee 
twiSCK) "1 1 | 


CLKX | | | | 
| 1 | 


| 

| 

| tRiFS)e—=t tisk be 
1 

| 


FSX | j bo ——eh-twiSCK) 
(INPUT, TXM = 0) | : ean d(CH-DX) 
| ooo 
bee—tsu(FS) 1) | 


bn-omte— td (CH-DX) 


td(FL-DxX) "7" 


—ol tied: 

) PTUMICH FS) bee taicH-Fs) 
FSX | 
(OUTPUT, TXM = 1) 


-—-—-—____-—_—_____—- 
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MECHANICAL DATA 


68-pin GB grid array ceramic package TOP VIEW 


28,448 (1.120) 


27,422 (1.080) 


THERMAL RESISTANCE CHARACTERISTICS 


PARAMETER UNIT 
Junction-to-free-air 
ReJA 36 °C/W 
thermal resistance 
Junction-to-case 
R@JC °C/W 
‘ thermal resistance 


15,37 (0.605) 
NOM 


28,448 (1.120) 
27,422 (1.080) 


4,572 (0.180) 


2,794 (0.110) | 
1,397 (0.055) 
3,556 (0.140) 1,143 (0.045) 
3,048 (0.120) , 


| > ~oeeee 0.020) 1,575 (0.062) 


0,406 (0.016) 1.473 (0.058) DIA 


BOTTOM VIEW 


\l| OOOO OOOOS 

‘© OOOO OOOOOG-,.,. 
61© © 

FIC) @ 

EIQ © 

IO © | is a 
cl© © | r- 68 PLACES 
BIO OOOOMAOOOO OC) 1,27 (0.050) 
\ ©©O©GOOOOG OH * nom 


1 2 3 4 5 6 7 8 9 10 11 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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FJ ceramic leaded chip carrier package 


25,40 (1.000) 
24,89 (0.980) 


24,38 (0.960) 
23,88 (0.940) 


20,52 (0.808) 
20,19 (0.795) 


PARAMETER | MAX | UNIT 
Junction-to-free-air 

R o 

aa thermal resistance } so | ecrw| 
Junction-to- 
vonmalirasianc 


R8JC thermal resistance 


AURAL 


a |__ 1.98 (0.078) 0.38 (0.015) MIN 


1,07 (0.042) 
; 2,41 (0.095) 
| coe (0.050) NOM 1,91 (0.075) | me 

aL 0,28 (0.011) 

0,18 (0.007) 
2,16 (0.085) 
1,65 (0.065) 

0,58 (0.023) LID 
0,33 (0.013) 0,38 (0.015) 
0,13 (0.005) 


r 


24,13 (0.950) 
23,11 (0.910) 


| 0,81 (0.032) 
0,51 (0.020) 


CUO 


L 0.89 (0.035) 

0,51 (0.020) 1,27 (0.050) 0,64 (0.025) 

0,25 (0.010) 0.76 (0.030) a [3.43 0.136 0.735) 
2,92 (0.115) 


ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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Appendix C 
TMS320C2x System Migration 


This appendix contains information necessary to upgrade a first-generation 
TMS320 (TMS320C1x) program to a TMS32020-based system or a 
TMS32020 program to a TMS320C25-based system. The information con- 
sists of a detailed list of the programming differences and hardware and timing 
differences between the respective processors. 


The two major sections are as follows: 


@ TMS320C1x to TMS32020 System Migration (Section C.1 on 
page C-2) 


a TMS32020 to TMS320C25 System Migration (Section C.2 on 
page C-4) 


Appendix C - TMS320C1x to TMS32020 System Migration 


C.1 TMS320C1x to TMS32020 System Migration 


C-2 


This section lists the programming differences that should be considered in 
migrating from a TMS320C1x to a TMS32020 processor. 


1) Instructions are compatible only at the mnemonic level. TMS320C1x 
source programs should be reassembled using a TMS32020 assembler 
before execution. 


2) The memory map on the TMS32020 is different from the memory map 
on the TMS320C1x. Page 0 of the TMS32020’s data memory map 
contains only block B2 (32 words) and the memory-mapped registers. 
The primary on-chip RAM blocks BO and B71 reside on pages 4-7 when 
all RAM is configured as data memory. It should be noted that there 
may be cases in TMS320C1x programs where the BANZ instruction has 
been used to implement both a loop counter and a memory address 
pointer for tables based at location 0 in memory. Since blocks BO, B1, 
and B2 in the TMS32020 are located at addresses other than O, pro- 
grams being migrated from the TMS320C1x to the TMS32020 should 
implement this type of BANZ loop using two separate auxiliary registers, 
one for loop count and one for memory address. 


3) The SXM bit must be set to 1 and the PM bits must be set to 0 to ensure 
that TMS32020 CALU operations behave in the same manner as the 
TMS320C1x. The SXM and PM bits are unaffected by a reset and are in 
a random state after powerup. 


4) The organization of status register STO is different on the two processors 
as shown below. 


TMS320C1x Status Register STO: 


15 14 13 12 #11 10 9 8 7 6 56 4 3 2 1 +0 
Fov]}ovmyinTM] 120100206104 {ARP[ 1 101 =1 ~=«1~«1~«1 «DPI 
TMS32020 Status Register STO: 


15 14 13 12 «11 10 9 


8 7 6 5 A 3 2 1 0 


5) In the direct addressing mode, the SST (store status register STO) in- 
struction of the TMS32020 sets DP = 0, rather than 1 as on the 
TMS320C1x. The SST1 instruction also sets DP = OQ in the direct ad- 
dressing mode. Note that in the direct addressing mode, data memory 
addressing values should be between 96 and 127 to store the status 
registers in block B2. 


6) When modifying the contents of the current auxiliary register in the in- 
direct addressing mode on the TMS32020, the SAR (store auxiliary 
register) instruction for ARn when n = ARP stores the value of the aux- © 
illary register contents BEFORE it is incremented, decremented, or in- 
dexed by ARO. The TMS320C1x stores the incremented/decremented 
value. 
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7) 


8) 


9) 


10) 


445 


12) 


13) 


14) 


All of the TMS32020 branch and call instructions, except for BACC 
(branch to address specified by accumulator) and CALA (call subroutine 
indirect), allow both auxiliary register and auxiliary register pointer 
(ARP) modification in the seven LSBs of the opcode. 


The SACL (store low accumulator with shift) instruction on the 
TMS32020 allows shift codes of 0, 1, and 4. 


A multiplication of 8000h x 8000h on the TMS32020 yields the correct 
result of 40000000h, not COOO0000h as on the TMS320C1x. 


The muitiply instructions, MPY and MPYK, are not interrupt-protected 
on the TMS32020 since the capability now exists to restore the P regis- 
ter directly. 


The IN and OUT opcodes now have a 4-bit port address to allow for a 
total of 16 1/O ports on the TMS32020. 


A TBLW (table write) instruction on the TMS32020 to program memory 
locations Q-7 can be distinguished externally from an OUT instruction 
to port addresses 0-7 via the PS and IS (program and-!/O space select) 
strobes. 


The SUBC (conditional subtract) instruction is a true single-cycle in- 
struction on the TMS32020 and can be used with the repeat in- 
structions, RPT or RPTK. On the TMS320C1x, SUBC cannot be 
followed immediately by another instruction that uses the accumulator. 


When modifying the auxiliary registers in the indirect addressing mode 
on the TMS32020, the auxiliary registers act as 16-bit, rather than 8-bit, 
counters (i.e., ‘wraparound’ occurs modulo 2'° instead of modulo 2° as 
on the TMS320C1x). When used with the BANZ (branch on auxiliary 
register not zero) instruction, the auxiliary registers on the TMS32020 
act as 16-bit counters, rather than 9-bit counters as on the TMS320C1x. 
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C.2 TMS32020 to TMS320C25 System Migration 


This section lists the programming, hardware, and timing differences that 
should be considered in migrating from the TMS32020 to the TMS320C25. 
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1) 


2) 


3) 


4) 


5) 


6) 


7) 


8) 


9) 


Instructions are fully compatible at the object code level. TMS32020 
object (memory image). code can be used directly on the TMS320C25 
processor. 


Instructions are compatible at the source code level. The NORM in- 
struction that previousiy had no operands now has an optional operand 
to define the auxiliary register modification. Any comments on the same 
line in the source code file will be interpreted as the operand if no other 
operand is specified. NORM instructions should be modified to specify 
the default operand, *+. 


When zero is loaded into the accumulator and the NORM instruction is . 
executed, the auxiliary register (ARx) on the TMS320C25 is modified 
and the TC is set on the first execution. On the TMS$32020, the auxiliary 
register (ARx) is incremented each execution cycle and the TC is not set. 


Execution cycle timings of instructions have been modified. Most 
TMS320C25 instructions execute in a single machine cycle. The number 
of cycles for some multicycie instructions have been changed. Refer to 


“Appendix D for detailed information on instruction cycle timings. By 


following the entries in this appendix, the key panne differences can be 
noted. 


The IDLE instruction automatically sets the INTM bit in status register 
STO to a zero. This assures that an external interrupt will ‘wake up’ the 
processor. The instruction also requires three memory cycles to execute 
on the TMS320C25 rather than one as on the TMS32020. 


In general, all branch, call, and return instructions that reload the pro- 
gram counter (PC) should be counted as three-cycle instructions when 
evaluating code execution timings on the TMS320C25. 


When an interrupt occurs, one additional instruction cycle will be pres- 
ent on the TMS320C25 prior to interrupt acknowledge. When the device 
is released from the hold mode, there will be one additional cycle pre- 
ceding the first valid memory fetch. 


The store instructions (SACH, SACL, etc.) execute in one less cycle on 
the TMS320C25 than on the TMS32020 when data is stored to external 
data memory. 


The MAC and MACD instructions require one extra cycle, going from 
three to four cycles. The extra cycle is in the instruction read and setup 
overhead, and repeated execution will be one cycle per execution as on 
the TMS32020. 
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10) The delay for a new memory configuration to become effective when 
using the CNFD or CNFP instructions on the TMS320C25 is two in- 
struction fetches (for single-cycle instructions) when executing from 
external memory or internal ROM, as compared to one instruction fetch 
for the TMS32020. Thus, on the TMS320C25, a CNFP instruction must 
be placed at location 65277 if execution is to continue from the first lo- 
cation in block BO. When execution is from internal RAM on the 
TMS320C25, however, this delay is one instruction fetch as on the 


TMS32020. 


11) The timer on TMS320C25 counts PRD + 1 CLKOUT1 cycles when 
clocked by CLKOUT1 while the timer on TMS32020 counts 4 x PRD 
cycles when clocked by CLKOUT1/4. Therefore, to count an equivalent 
amount of time on the TMS320C25 using the same input clock fre- 
quency, PRD values from the TMS32020 must first be multiplied by four 
and then decremented by one. If different input clock frequencies are 
used, this must also be accounted for by multiplying the PRD value for 
the TMS320C25 obtained above by the ratio of the TMS320C25 input 


clock frequency to the TMS32020 input clock frequency. 


12) To simplify device timing descriptions, the internal clock phase reference 
numbers have been redefined in the TMS320C25. The new clock phase 
definitions have quarter-phase 1 (Q1) beginning a bus cycle, as op- 
posed to a cycle beginning with Q3 as in the TMS32020. Note that no 
changes have been made to any of the device logic; the clock phases 


have merely been renamed. 


13) The effect of the SYNC input, although functionally the same on the 
TMS32020 and TMS320C25, is delayed by two cycles on the 
TMS320C25 from that of the TMS32020. Accordingly, the exact tim- 
ings produced with the application of SYNC on the two devices may 
differ depending on the clock phase in which SYNC ts applied. Due to 
the two-cycle offset between the clock phase definitions on the two 
devices (see the previous paragraph) and the two-cycle delay in the ef- 
fect of SYNC on the TMS320C25, the clock timings produced when the 
two devices are running in synchronization are identical. That is, a 
TMS32020 and a TMS320C25 can be operated together in synchroni- 


zation in a system using the same SYNC input. 


14) On the TMS320C25, both the timer (TIM) and period (PRD) registers 
are initialized to OFFFFh on reset, while on the TMS32020, only the TIM 


register is initialized. 
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15) Several bits (C, HM, and FSM) have been added to status register ST1 


on the TMS320C25, as shown below. 
TMS32020 Status Register ST1: 


14 13 12 11. 


ans [enF[ re [exw 1 Dro] | 


15 


TMS320C25 Status Register ST1: 


14 13 12 11 


Can ene] Te [Sew] ¢ [11 [am [om xr [rope Fe 


16) 


The FSM, HM, and C status register bits are initialized by reset and are 
all set to one when reset occurs. Note that the new bits are assigned 
polarities in such a way that the values of the corresponding bits on the 
TMS32020 invoke a TMS32020-like operation on the TMS320C25. 


The SXM and PM status register bits that were previously uninitialized: 
on the TMS32020 are now initialized by reset on the TMS320C25. 
When the TMS320C25 is reset, SXM is set to one, and the PM bits are 
set to zero. 


Four differences between the serial ports on the TMS32020 and 


TMS320C25 that impact system migration are: 


a) The double-buffering on the TMS320C25 serial port greatly in- 
creases the amount of time available for processing serial port in- 
terrupts and affects how the FSR and FSX pulse are used. As a 
result of the doubie-buffering, both edges of the FSR and FSX 
pulses are used on the TMS$320C25 instead of only the falling 
edge, as is the case on the TMS32020. 


On the TMS32020, the falling edge of the FSX pulse is used to 
start transmission of the data present in the DXR (transmit regis- 
ter). Likewise, the failing edge of the FSR pulse is used to start 
reception of data into the DRR (receive register). The limitations 
on the FSR and FSX pulses are a minimum setup time (20 ns) and 
a minimum hold time (20 ns). Once serial port operation begins, 
the receipt or transmission of the register’s contents, either 8 or 16 
bits, is completed even if the FSR or FSX signals change to a logic 
high level. A new transfer of data into the DRR or out of the DXR 
only begins when the next falling edge of the FSR or FSX pulses 
occurs. 


Cn the TMS320C25, the double-buffering affects the use of the 
FSR and FSX pins and consequently the serial port operation itself. 
For the transmit operation, the TMS320C25 provides a separate 
XSR (transmit shift register), necessitating the use of the rising 
edge of the FSX pulse. Data is transferred from the DXR to the XSR 
on the first falling CLKX (serial transmit clock) following a rising 
FSX. At this point, the data is in the XSR and waiting to be shifted 
Out or transmitted. Transmission begins on the first falling CLKX 
following the falling FSX, and continues with the subsequent bits 
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b) 


c) 


d) 


in the XSR as long as the FSX signal remains low. If the FSX sig- 
nal goes high before the last transmission has completed, the 
contents of the DXR are transferred to the XSR and the previous 
transmission is aborted. Transmission of this new information be- 
gins after the FSX signal goes low again. 


Similarly for the receive operation, the TMS320C25 has a separate 
RSR (receive shift register). In this case, the data is transferred 
from the RSR to the DRR when the last bit has been received. 
Therefore, if a new transfer is initiated by toggling the FSR pin, the 
previous reception is aborted and the contents of RSR are not 
transferred to DRR. 


Consequently, there is one additional limitation on the FSR and 
FSX pulses on the TMS320C25. FSR and FSX must have a mini- 
mum low pulse duration to allow the complete transfer of all 8 or 
16 bits of data into and out of RSR and XSR, respectively. 


Unlike the TMS32020, loading the DXR does not interfere with 
transmission. There is no restriction on when the DXR can be 
loaded when using external FSX. Correspondingly, DRR.may be 
read at any time during the reception of the current data, extending 
the time allowed to respond to the receive interrupt and to read the 
previous word of data. 


The fully static operation of the TMS320C25 effectively places no 
lower limit on seria! port clock frequency. 


Serial port interrupts are generated half of a CLKR or CLKX cycle 


later on the TMS320C25 than they are on the TMS32020. Spe- 
cifically, on the TMS32020, RINT and XINT are generated on the 
falling edge of CLKR and CLKX, respectively, during transfer of the 
last bit. On the TMS320C25, RINT and XINT are generated on the 
rising edge of CLKR or CLKX after the last bit has been transferred. 
This should not be critical for TMS32020 programs running on the 
TMS320C25 since double-buffering of the serial port on the 
TMS320C25 allows more time for processing of serial port inter- 
rupts. Some modification of TMS32020 programs may, however, 
be required to take advantage of the double-buffering, depending 
on how serial port interrupt servicing is implemented. 


The DRR behaves differently when operating the TMS320C25 se- 
rial port in byte mode than it does on the TMS32020. On the 
TMS32020, the contents of the most-significant byte of DRR re- 
main unchanged once byte mode is initiated by executing a FORT 
instruction. On the TMS320C25, however, each time a new byte 
is received, the previous contents of the least-significant byte of 
DRR are transferred to the most significant byte of DRR. 


Figure C-1 illustrates the behavior of DRR on both the TMS32020 
and the TMS320C25 processors. 


Appendix C - TMS32020 to TMS320C25 System Migration 


TMS320C25 TMS32020 


MSB LSB MSB LSB 
Initial 
Conditions 


After 1st Receive 
(Byte ‘A’) 


After 2nd Receive 
(Byte ’B’) 


Etc. 


Figure C-1. Serial Port System Migration 
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Instruction Cycle Timings 


This appendix details the instruction cycle timings for the TMS32020 and 
TMS320C25 processors. Instructions for each device are first listed in a table 
according to cycle classification. Then each class of instructions is listed in 
another table(s), showing the number of cycles required for a given 
TMS320C2x instruction to execute in a given memory configuration when 
executed as a single instruction or in the repeat mode. The column headings 
in the tables indicate the program source location (PI, PE, or PR) and data 
destination or source (DI or DE), defined as follows: 


Pl The instruction executes from internal program memory (RAM). 
PR The instruction executes from internal program memory (ROM). 
PE The instruction executes from external program memory. 

DI The instruction executes using internal data memory. 

DE The instruction executes using external data memory. 


The number of cycles required for each instruction is given in terms of the 
program/data memory and I/O access times as defined in the following listing: 


p Program memory wait states. Represents the number of clock cycles the 
device waits for external program memory to respond to an access. 
Tac is the access time, in nanoseconds, (maximum) required by the 
TMS320C2x for an external memory access to be made with no wait 
states. Tmem is the memory device access time, and "p is the clock pe- 
riod (4/crystal frequency). 


p = 0; If Tmem S$ Tac 
p= 1; If Tac < Tmem S$ (T p + Tac) 
p= 2; If (Tp io mene ip ee 
p =k; If [Tp x (K-1) + Tagl< T mem S (Tp * K + Tac) 
d Data memory wait states. Represents the number of cycles the device 


must wait for external data memory to respond to an access. This 
number is calculated in the same way as the p number. 


i |/O memory wait states. Represents the number of cycles the device 
must wait for external |/O memory to respond to an access. This num- 
ber is calculated in the same way as the p number. 


Other abbreviations used in the tables and their meanings are as follows: 


br Branch from ... 

int Internal program memory. 

INT = Interrupt. 

ext External program memory. 

n The number of times an instruction is executed when using the RPT or 
RPTK instruction. 
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D.1 TMS32020 Instruction Cycle Timings 


Table D-1 lists the TMS32020 instructions according to cycle classification. 
Table D-2 shows the number of cycles required for a given TMS32020 in- 
struction to execute in a given memory configuration when executed as a 
single instruction or in the repeat mode, respectively. 


Table D-1. TMS32020 Instructions by Cycle Class 


INSTRUCTION 


ADD ADDH ADDS ADDT AND BIT BITT DMOV LAC LACT 
LAR LDP LPH LST LST1 LT LTA LTD LTP LTS 
MPY OR RPT SQRA SQRS SUB SUBC SUBH SUBS - SUBT 
XOR ZALH ZALS (RPT not repeatable) 


= 
| i | SACH SACL SAR 
ba 


ABS APAC CMPL CMPR CNFD CNFP. DINT  EINT FORT LACK 
LARK LARP LDPK MAR  MPYK NEG NOP NORM PAC ROVM 
RPTK RSXM RTXM RXF SFL SFR. SOVM SPAC SPM _ SSXM 
STXM SXF ZAC 


(LACK, LARK, LDPK, MPYK, RPTK, SPM, ZAC not repeatable) 


IV ADLK ANDK LALK  LRLK ORK SBLK  XORK (all not repeatable) 
| v | MAC MACD 


B BANZ BBNZ_ BBZ BGEZ BGZ BIOZ BLEZ BLZ BNV 
_BNZ BV — BZ CALL (all not repeatable) 


BACC CALA POP. PUSH. RET TRAP 
(BACC, CALA, RET, TRAP not repeatable) 


1X 


XII IDLE (not repeatable) 
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Table D-2. TMS$32020 Instruction Cycle Timings 


CLASS| WHEN NOTIN REPEAT MODE | _ WHEN IN REPEAT MODE 
rPiror | euoe | pero: | reroe || error | pvoe [pero | Pe/OE 

T2+a | t+p [aedep || n | 2nend | nep | anéndep | 
Pasa | tee [sedep | nm | 2nend | nap | Snendep 
A 
TWA [azo [WA || en [| wa | 2eneap | NA 
i ae ee 


2 Ts int-to- = 2+p (int-to-ext) not repeatable 
=? (ext-to-int) 2+2p (ext-to-ext) not repeatable 


2+d 
Pap [ae if an [2m [ane [anep 
+ni 
Table in ‘internal program memory: 


Table in internal program memory: | 
2+n 2+n+nd 2+n+p 2+nt+ndtp 


3 3+d 3+p STOTD 
Table in external program memory: 


Table in external program memory: 
3+2p 4+d+20 2+ntnp 2+2n+nd 2+nt+tnp+p 2+2n+nd 
+np 


3+p 4+d+p 


+npt+p 


Data source internal:T 
2+n 2+n+nd 2+n+2p 2+nt+nd 
+2p 


Data source internal:t 
3 3+d 3+2p 3+d+2p 


Data source external:t 
2+nt+nd 2+2n+2nd 2+nt+nd 2+2n+2nd 
+2p +2p 


Data source external:t 
3+d 4+2d 3td+2p 4+2d+2p 


Program source internal:T 
3 3+d 3+2p  3+d+2p 


Program source internal:T | 
2+n 2+n+nd 2+n+2p 2+n+nd 
+2p 


Program source external:t 
3+p 4+d+p 3+3p  4+d+3p 


Program source external:T 
2+n+np 2+2n+nd 2+n+np 2+2n+nd 
+np +2p +npt+2p 


fe Le fe [een fan | arn aoe _[ onde 


XIII 1 (minimum 1+p (minimum not repeatable 
waits for INT) waits for INT) 


tColumn headings ‘DI/DE’ refer to data destination. 


Eee 
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D.2 TMS320C25 Instruction Cycle Timings 


Table D-3 lists the TMS320C25 instructions according to cycle classification. 
Table D-4 and Table D-5 show the number of cycles required for a given 
TMS320C25 instruction to execute in a given memory configuration when 
executed as a single instruction or in the repeat mode, respectively. 


Table D-3. TMS320C25 Instructions by Cycle Class 


CLASS | INSTRUCTION | | 


ADD ADDC ADDH ADDS ADDT AND BIT BITT DMOV LAC }. 
LACT LPH LT LTA LTD LTP LTS © MPY MPYA MPYS 

MPYU PSHD- OR RPT SQRA SQRS SUB SUBB SUBC SUBH 
SUBS SUBT XOR ZALH ZALR ZALS _ (RPT not repeatable) 


| ou | LAR LDP LST _LST1 | 
POPD SACH SACL SAR SPH SPL SST ___ SST1 


ABS ADDK ADRK APAC CMPL CMPR CNFD CNFP~ DINT ~ EINT 
FORT LACK LARK LARP LDPK MAR MPYK_ NEG NOP NORM 
PAC POP PUSH RC RFSM RHM ROL ROR ROVM  RPTK 
RSXM RTC RTXM RXF SBRK SC SFL SFR SFSM SHM 


SOVM SPAC SPM SSXM STC STXM SUBK SXF ZAC 
(ADDK, ADRK, LACK, LARK, LDPK, MPYK, RPTK, SBRK, SPM, SUBK, and ZAC 


not repeatable) 


|v | ADLK ANDK LALK  LRLK ORK — SBLK XORK (All not repeatable) 
vis | iB BANZ BBNZ BBZ BC BGEZ BGZ BIOZ BLEZ BIZ 
BNC BNV  BNZ BV BZ CALL (All not repeatable) 


Dxv_ [IDLE (not repeawbly ~——SOCS~=—“‘“—SCS*S*S*S*S*S*“‘CNCSNCN”SCSC“‘CNSCN”SC“‘“#NNNSSS#SN 


IV 
V 

VI 
IX 
X 

Xx! 

IV 

XV 
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Table D-4. Cycle Timings for Cycle Classes When Not in Repeat Mode 


VI Tabie in on-chip RAM: 


| 3 4+d 4+2p - 5+d+2p 4 | 5+d 
Table in on-chip ROM: 
4 5+d 4+2p 5+d+2p 4 5+d 
Table in external memory: | 
: 4+p 5+d+p 4+3p 5+d+3p 4+p 5+d+p 
Vil | True Conditions: | 
Destination on-chip RAM: 
2 2 2+2p 2+2p 2 2 
Destination on-chip ROM: 
3 3 3+2p 3+2p 3 3 
Destination external memory: 
3+p 3+p 3+3p 3+3p 3+p 3+p 


False Condition: 
Destination anywhere: 
2 2 | 2+2p 2+2p 2 2 


Destination on-chip RAM: 
2 2 


Destination on-chip ROM: 
3 3 


Destination external memory: 
3+p 3+p 3+2p 3+p 3+p 
XI Table in on-chip RAM: 
2 2+d — 3+d+p 
_ Table in on-chip ROM: 
3 | 3+d 4+d+p 
Tabie in external memory: 
3+p 3+d+p 4+d+2p 
Xl Table in on-chip RAM: . 
2 3+d 4+d+p 
Table in on-chip ROM: 


not applicable 


Table in external memory: 
2+p 3+d+p 3+2p 4+d+2p 
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Table D-4. Cycle Timings for Cycle Classes When Not in Repeat Mode 
(Concluded) 


CLASS PI/DI |  PI/DE PE/D! PE/DE PR/DI PR/DE 


Source data in on-chip RAM: 
3 3+d 3+2p 3+d+2p 
Source data in external memory: 
4+d 4+2d 4+d+2p 4+2d+2p 
Table in on-chip RAM: 
3 3+d 4+d+2p 
Table in on-chip ROM: 


4 A+d- 2 4+d+2p 


Table in external memory: 
4+p 4+d+p 4+d+3p 


(Interrupt) destination on-chip ROM 
3 (minimum waits for INT) 


(Interrupt) destination external memory 
3+2p (minimum waits for INT) 
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Table D-5. Cycle Timings for Cycle Classes When in Repeat Mode 


Ss[_pybi_| PyDE | peo | Pe/DE | PR/DI| PRIDE 

eas OT 
Tn anend [np | anénaep | nnn 
[nf ned np f tenendep | | nnd 
a ea Se 


Table in on-chip RAM: 
2+n 2+2n+nd 3+n+2p 3+2n+nd+2p 3+n 3+2n+nd 
Table in on-chip ROM: 


3+n 3+2n+nd 3+n+2p 3+2n+nd+2p 3+n 3+2n+nd 


Table in external memory: 
3+n+np 3¢+2nt+nd+np 3+n+npt+2p ia al 3+n+np 3+2n+nd+np 


not repeatable 
Vill not epee 


+ni 
+ni 


Table in on- -chip RAM: 


2) 
sSi<jJe > 


T+n 1+n+nd 2+n+p 2+n+nd+p 2+n 2+nt+nd 
| Table in on-chip ROM: 
2+n 2+n+nd 3tnt+p 3+nt+ndt+p 3t+n 3t+n+nd 
Table in external memory: 
2+n+np 1+2n+nd+np 3+n+np+p 2+2n+nd+np 3+n+np 2+2n+ndt+np 


+p 


it Table in on-chip RAM: 
1+n 2+n+nd 2+nt+p 3+n+nd+p 2+n 3+n+nd 
| Table in on-chip ROM: 


not applicable 


Table in external memory: 
1+n+np 1+2n+nd+np 


Source data in on-chip RAM: 
2+n 2+n+nd 2+n+2p 2+nt+nd+2p 2+n 2+n+nd 
Source data in external memory: 
3+nt+nd 2+2n+2nd 3+ntnd+2p 2+2n+2nd+2p 3+n+nd 2+2n+2nd 


Table in on-chip RAM: 


2+nt+nptp 2+2n+nd+npt+p 2+2n+nd+np 


2+n 2+n+nd 34n+2p 3 +n+nd+2p 3+n 3+n+nd 
Table in on-chip ROM: 
3+n 3t+n+nd 3+n+2Zp 3t+n+nd+2p 3+n 3+n+nd 
Table in external memory: 
3+nt+np 2+2nt+nd+np 3t+nt+np+2p 2+2n+nd+np 3+n+np 2+2n+nd+np 
+2 


a 
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Appendix E 
TMS320E25 EPROM Programming 


This appendix presents the TMS320E25 EPROM cell which is featured in the 
TMS320 Second-Generation Digital Signal Processors data sheet. The 
TMS320E25 incorporates a 4K x 16-bit EPROM which is implemented from 
a standard EPROM cell. This expands the capabilities of the TMS320E25 in 
the areas of prototyping, early field testing, and production. When used with 
a 4K-word masked-ROM TMS320C25, the TMS320E25 yields a_ high- 
volume, low-cost production as a result of more migration paths for data. 


Key features of the EPROM cell include standard programming techniques 
with verification capability of all bits. The EPROM cell features an internal 
mechanism for security purposes. This prevents all proprietary data from being 
read and, thereby, protects privileged information against possible copyright 
violations. The mechanism, also, prevents the EPROM contents from being 
read. An adaptor socket (part number TMDX3270120) provides the necessary 
68-pin to 28-pin conversion when Programming the TMS320E25; refer to the 
data sheet in Appendix A. 


This appendix describes erasure, programming and verification, and EPROM 
protection and verification. The major topics are as follows: 


@® Programming and Verification (Section E.1 on page E-2) 


= Erasure 

= FAST Programming 
= SNAP! Programming 
= Program Verify 

= Program Inhibit 

- Read 

= Output Disable 


Yd EPROM Protection and Verification (Section E.2 on page E-11) 


_ EPROM Protection 
7 Protect Verify 
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TMS320E25 EPROM Programming - Programming/Verification 


E.1 Programming and Verification 


E-2 


The TMS320E25 EPROM cell is similar to the TMS27C64 8K x 8-bit EPROM. 
Their memories can be erased by using an ultraviolet light source and elec- 
trically programmed by using the same family and device codes. The 
TMS320E25, like the TMS27C64, requires a 5-V supply for reading and a 
12.5-V suppiy for programming. All programming signals are TTL level. For 
programming outside the system, existing EPROM programmers can be used. 
Locations may be systematically or randomly programmed as a singular or 
blocked address. Unlike some EPROM cells which may require the high byte 
before the low byte, each byte of data must be separately loaded into the 
TMS320E25 EPROM cell with the low byte preceding the high byte when 
programming in a block format (see Figure E-1). To avoid memorization of 
the proper order, an inverter is placed in the circuit of Figure E-2 and performs 
the necessary byte reversal for the TMS320E25. The manufacturing process 
is largely responsible for their dissimilarity. Due to HVCMOS technology, the 
TMS27C64 has a read-only memory; the memory of the TMS320E25 has both 
reading and writing capabilities. The TMS27C64 is pin-to-pin compatible 
with all 28-pin ROMs and EPROMs. | 


The TMS320E25 uses thirteen address lines to address its 4K-word memory 
in a byte format (8K-byte memory). In word format, the most-significant byte 
of each word is assigned an odd address while the least-significant byte is 
assigned an even address in the byte format. When programming the 
TMS320E25, information is downloaded into the EPROM programmer mem- 
ory in a high- to low-byte order (see Figure E-1) with the inverter providing 
the proper low- to high- byte input for the TMS320E25. 


TMS320C25 On-Chip TMS320E25 On-Chip EPROM 
Program Memory Program Memory | | Programmer 
(Word Format) (Byte Format) Memory 


Byte Format with 
Adaptor Socket 


Figure E-1. 


0( 0000h) 0(0000h) 0(0000h) 
1(0001h) 4(0001h) 1(0001h) 
2(0002h) 2(0002h) 2(0002h) 
3(0003h) 3(0003h) 3(0003h) 
4(0004h) 4(0004h) 

5(0005h) 5(0005h) 

6(0006h) 6(0006h) 
4095(OFFFh) 7(0007h) 7(0007h) 
8191(1FFFh) 


EPROM Programming Data Format 


TMS320E25 EPROM Programming - Programming/Verification 


Figure E-2 shows the wiring diagram when the TMS320E25 is programmed 
with the TMS27C64 in its 28-pin output form. The illustration furnishes a 
table for each pin nomenclature on the TMS27C64 with a description of that 
pin. Programming the code into the device should be done in the serial mode. 


Caution: 


Although acceptable by some EPROM programmers, the signa- 
ture mode cannot be used on any TMS320E25 device. The sig- 
nature mode will input a high-level voltage (12.5 Vdc) onto pin 


AY. Since the TMS320E25 EPROM cell is not designed for high 
voltage, the cell will be damaged. To prevent an accidental 
application of voltage, Texas Instruments has inserted a 3.9 kQ 
resistor between pin AQ of the TI programmer socket and the 
programmer itself. 
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TMS320E25 EPROM Programming - Programming/Verification 


TMS27C64 


TMS320E25 


6 220 68 PIN 
A10 (FZ) 


Tu) 


Q1 110) 
Q2 121) 
Q3 13) 


Ld 
t 
@ 
Qa 
2 
o 


TMS27C64 


PIN NOMENCLATURE (TMS320E25) 


SIGNALS | vo | DEFINITION 


A12 (MSB)-AO (LSB) On-chip EPROM programming address lines 
CLKIN Clock oscillator input 

E EPROM chip select 

EPT EPROM test mode select 


EPROM read/verify select 


Ground 

EPROM write/program select 

Data lines for byte-wide programming of on-chip 8K bytes of EPROM 
Reset for initializing the device 

5-V power supply 

12.5-V power supply 


Figure E-2. TMS320E25 EPROM Conversion to TMS27C64 EPROM 
Pinout 
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TMS320E25 EPROM Programming - Programming/Verification 


Table E-1 shows the programming levels that are required when programming, 
verifying, and reading the EPROM cell. Following the table, individual para- 
graphs describe the function of each programming level. 


Table E-1. TMS320E25 Programming Mode Levels 


SIGNAL | TMS320E25 | TMS27C64 |PROGRAM;| PROGRAM 
NAME Tf PIN PIN 


ce a 


A12-A7 40-36,34 72321 ADDR ADDR ADDR X X 
24,25,3 


oF 
LEGEND: 


T -TMS320E25 EPROM programming mode produces these TMS27C64 signals. 
Vin = TTL high level 

Vit = TTL low level 

ADDR = byte address bit 

Vpp = 12.5 + 0.25 V (FAST) or 13 + 0.25 V (SNAP!) 
Vec =5 £0.25V 

Veco + 1=6 + 0.25 V (FAST) of 6.5 V + 0.25 V (SNAP!) 
X = don’t care | 

PULSE = low-going TTL pulse 

Din = byte to be programmed at ADDR 

Qout = byte stored at ADDR 


E.1.1 Erasure 


Before programming, the memory must be erased by exposing high-intensity 
ultraviolet light (wavelength = 2537 angstroms) into the chip through its 
transparent lid. Note that normal ambient light contains the correct wave- 
length for erasure. Therefore, the window should be covered with an opaque 
label after programming the TMS320E25. The recommended minimum ex- 
posure dose (UV-intensity x exposure-time) is 15 watt-seconds per square 
centimeter. If iocated about 2.5 centimeters above the transparent lid, a typical 
filterless UV lamp with a 12 milliwatt per square centimeter output will erase 
the memory in 21 minutes. After erasing the memory, all bits are in a high 
state. 
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TMS320E25 EPROM Programming - Programming/Verification 


E.1.2 FAST Programming 


After erasing, all memory bits in the cell are a logic one. Logic zeroes must 
now be programmed into their desired location. The FAST Programming al- 
gorithm, shown in Figure E-3, is normally used to program the entire EPROM 
contents, although individua! locations may be programmed separately. A 
programmed logic zero can only be erased by the ultraviolet light. Data is 
presented in parallel (eight bits) from pins D7-DO of TMS320E25 to pins 
Q8-01 of TMS27C64. Once addresses and data are stable, PGM is pulsed. 
The programming mode is achieved when Vpp = 12.5 V, PGM = Vi, Vcc = 
6.0 V,G = Vip, and E = Vi. More than one TMS320E25 can be programmed 
if these devices are connected in parallel with each other. Locations can be 
programmed in any order. | 


FAST Programming uses two types of programming pulses: prime and final. 
The length of the prime pulse is 1 ms. After each prime pulse, the byte being 
programmed !s verified. If correct data is read, the final programming pulse ts 
applied; if correct data is not read, an additional 1-ms prime pulse is applied 
up to a maximum of 25 times. The final programming pulse is 3X times the 
number of prime programming pulses applied. This sequence of programming 
and verifying is performed at Vcc = 6.0 V, and Vpp = 12.5 V. When the full 
FAST Programming routine has been completed, all bits are verified with Vcc 
= Vpp =5V. | 


E.1.3 SNAP! Pulse Programming 
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The EPROM can be programmed by using the Tl SNAP! Pulse programming 
algorithm; as illustrated in the flowchart of Figure E-4, programming time is 
greatly reduced to a nominal duration of one second. Actual programming 
time varies as a function of the programmer which is being used. Data is 
presented in parallel (eight bits) on pins Q8 through Q1. Once addresses and 
data are stable, PGM is pulsed. 


The SNAP! Pulse programming algorithm uses pulses of 100 microseconds, 
followed by a byte verification to determine if the addressed byte has been 
successfully programmed. Up to ten 100 microsecond pulses per byte are 
verified before a failure is recognized. 


The programming mode is achieved when Vpp = 13.0 V, Vcc = 6.5 V, V and 
G = Vip, and E = Vj,. More than one TMS320E25 can be programmed by 
connecting the devices in parallel with each other. Locations may be pro- 
grammed in any order. When the SNAP! Pulse programming routine has been 
completed, all bits are verified with Vcc = Vpp = 5 V. 


TMS320E25 EPROM Programming - Programming/Verification 


E.1.4 Program Verify 


Programmed bits may be verified with Vpp = 12.5 V when G = Vi, E = Vit, 
and PGM = Vjy. Figure E-5 shows the timing of the program and verification 
operations for both FAST and SNAP! Pulse Programming. 


START 


ADDRESS = 
FIRST LOCATION 


Vec = 6 + 0.25 V 
Vpp = 12.5V + 0.25 V 


PROGRAM ONE 


1ems PULSE 
INCREMENT X 
NO 
YES VERIFY 


ONE BYTE 


PROGRAM ONE 
PULSE OF 
3X-ms DURATION 


LAST 
ADDRESS? 
YES 


Voc = Vpp = 5V + 0.25 V 


DEVICE 
FAILED 
INCREMENT 
ADDRESS 


COMPARE 
ALL BYTES TO 
ORIGINAL 
DATA 


PASS 


DEVICE 
PASSED 


Figure E-3. FAST Programming Flowchart 
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START 
ADDRESS = FIRST LOCATION 


Vcc = 6.5 V, Vpp = 13.0 V 
PROGRAM ONE PULSE = tw = 100 pse— INCREMENT ADDRESS _ sverige 


LAST 
ADDRESS? 
YES 
ADDRESS = FIRST LOCATION 


PROGRAM ONE PULSE = tw = 100 us 


INCREMENT VERIFY ee ve 
ADDRESS ONE BYTE 
NO LAST 
ADDRESS? 
YES 
Vcc = DEVICE FAILED 
FINAL 
ALL BYTES TO 
VERIFICATION 


ORIGINAL 


DEVICE PASSED 


Figure E-4. SNAP! Pulse Programming Flowchart 
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“oon VERY 
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' N+ 1 
| STABLE Vi 
l 
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a8-a1 STABLE a VALID 
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| 
. VPP 
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| 
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Figure E-5. Programming Timing 


E.1.5 Program Inhibit 


Programming may be inhibited by maintaining a high-level input on the E pin 
or PGM pin. 


TMS320E25 EPROM Programming - Programming/Verification 


E.1.6 Read 


The EPROM contents may be read outside of the programming cycle if the 
RBIT (ROM protect bit) has not been programmed. The read mode is ac- 
complished by setting E to zero and pulsing G low. The contents of the EP- 
ROM location, selected by the value on the address inputs, appear on D7-DO. 


E.1.7 Output Disable 


During the EPROM programming process, the EPROM data outputs may be 
disabled, if desired, by setting the output disable mode. Depending upon the 
application, the output disable mode can be selected by setting either the G 
or the E pin on the TMS320E25 high. The selection of these pins determines 
the time duration in which the outputs, pins Q8-Q1, of TMS27C64 will be 
placed in their high-impedance state. During this mode, pins D7-DO on the 
TMS320E25 are placed in the high-impedance state. 
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Programming TMS320E25 EPROM - EPROM Protection/Verification 


E.2 EPROM Protection and Verification | 


This section describes the code protection feature of the EPROM cell: an in- 
ternal mechanism protects the customer's code from being illegally copy- 
righted by its competitors. Table E-2 shows the programming levels required 
for protecting the EPROM contents and verifying that protection. Following 
the table, individual paragraphs describe the function of the protect and verify 
modes. 


Table E-2. TMS320E25 EPROM Protect and Protect Verify Mode Levels 


A12-A10| 40-38 
37,36,34 
A3-A0O _30-28,26 
LEGEND: 
t = Signal names are in accordance with TMS27C64. . 
Vin = TTL high level; Vip = low-level TTL; Vec =5+40.25V; Vpp = 12.5 + 0.25 V (FAST) 


or13 + 0.25 V (SNAP!I); Veco + 1= 6 + 0.25 V (FAST) or 6.5 + 0.25 V (SNAP!) 
X = don’t care; PULSE = low- going TTL level pulse; RBIT = ROM protect bit 


E.2.1 EPROM Protection 


The EPROM protection mechanism is used to prevent an intentional or acci- 
dental reading of the memory contents whereby security of all proprietary al- 
gorithms is guaranteed. This special feature is implemented by a unique 
EPROM celi called the RBIT (ROM protect bit) cell. Once the contents are 
programmed into the EPROM, the RBIT can be programmed which prevents 
access to the EPROM contents and disables the microprocessor mode. Once 
programmed, the RBIT can only be disabled by erasing the entire EPROM ar- 
ray with ultraviolet light, thereby, maintaining security of all proprietary algo- 
rithms. Programming of the RBIT is accomplished by the EPROM protection 
cycle which consists of setting the E, G, PGM, and A4 pins to a high-level, 
applying 12.5 + 0.25 V to both Vpp and EPT , and pulsing the Q8 pin to a 
low-level. The complete sequence of operations for programming the RBIT 
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Programming TMS32CE25 EPROM - EPROM Protection/Verification 


is shown in the flowchart of Figure E-6. The required setups in the figure are 
detailed in Table E-2. 


START 
| DURATION 


EPROM 
PROTECT 
SETUP 


PROGRAM ONE | 

1-ms PULSE . 
DEVICE FAIL VERIFY PASS (DEVICE 
FAILED RBIT - PASSED 


PROGRAM ONE 


PROTECT 


VERIFY 
SETUP 


YES 


PROTECT 
VERIFY 
SETUP 


VERIFY 
RBIT 


FAIL 


Figure E-6. EPROM Protection Flowchart 


Programming TMS320E25 EPROM - EPROM Protection/Verification 


E.2.2 Protect Verify 


Following the EPROM protect mode, the protect verify mode reviews and 
verifies the programming of the RBIT (see Figure E-6) for accuracy. When 
using this mode, D7 outputs the state of the RBIT. When RBIT = 1, the EP- 
ROM is unpretected; when RBIT = 0, the EPROM is protected. The EPROM 
protection and verification timings are shown in Figure E- 7. 
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V = Vpp and 6.0 V = Vec for FAST Programming; for SNAP! Programming, 
= Vpp and 6.5 V = Vcc. 


Figure E-7. EPROM Protection Timing 


Appendix F 


Memories, Analog Converters, Sockets, and 
Crystals 


This appendix provides product information regarding memories, analog con- 
verters, and sockets, which are manufactured by Texas Instruments and com- 
patible with the TMS320C2x. Information is also given regarding crystal 
frequencies, specifications, and vendors. | 


The contents of the major areas in this appendix are listed below. 


8 Ti Memories and Analog Converters (Section F.1 on page F-2) 
- EPROM memories 
= Codecs and filters 
= Analog interface circuits 
= A/D and D/A converters. 


@ TI Sockets for PGA and PLCC Packages (Section F.2 on page F-139 ) 
_ Production sockets 
a Burn-in/test sockets. 


® Crystals (Section F.3 on page F-144) 
oa Commonly used crystal frequencies 
- Crystal specification requirements 
= Vendors of suitable crystals. 


F-1 


Appendix F - Ti Memories and Analog Converters 


F.1 Ti Memories and Analog Converters 


F-2 


This section provides pages of product information taken from data sheets for 


EPROM memories, codecs, analog interface circuits, and D/A and D/A con- 


verters. 


All of these devices can be interfaced with TMS320C2x processors (see Sec- 
tion 6 for hardware interface designs). Refer to Digital Signal Processing Ap- 
plications with the TMS320 Family for additional information on interfaces 
using memories and analog conversion devices. 


The following paragraphs give the name of each device and where the data 
sheet for that device ts located in order to obtain further specification infor- 
mation if desired. 


Data sheets for EPROM memories are located in the WOS Memory Data Book 
(SMYDO06). The name of the device and the page number in the book on 
which the device is introduced are listed. 


TMS27C64 (page 6-55) 
TMS27C128 (page 6-79) 
TMS27C256 (page 6-91) 
TMX27C512 (page 6-105) 


Another EPROM memory, TMS27C291/292, is described in a data sheet 
(SMLS291 A). 


The TCM29C13/14/16/17 codecs and filters are described in the data sheet 
beginning on page 2-111 of the 7Telecommunications Circuits Data Book 
(SCTO001). An analog interface for the DSP using a codec and filter is pro- 
vided by the TCM29C18/19 (data sheet number SCTO21). 


The data sheet for the TLC32040 analog interface circuit is provided in the 
Interface Circuits Data Book, beginning on page 2-271. 


In the same book are data sheets for A/D and D/A converters. The name of 
the device and the page on which it is introduced are as follows: 


TLC0820 (page 2-113) 
TLC1205/1225 (page 2-181) 
TLC7524 (page 2-243) 


TMS27€64 65,536-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 
TMS27PC64 65,536-BIT PROGRAMMABLE READ-ONLY MEMORY 


NOVEMBER 1985—REVISED APRIL 1988 


This Data Sheet is Applicable to All J & N PACKAGE 
TMS27C64s and TMS27PC64s Symbolized (TOP VIEW) 
with Code ‘‘A’’ as Described on Page 12. 


Organization... 8K x 8 
Single 5-V Power Supply 


Pin Compatible with Existing 64K MOS 
ROMs, PROMs, and EPROMs 


All Inputs/Outputs Fully TTL Compatible 


Max Access/Min Cycle Times 


Vcc +5% Vcc +10% 

‘27C64-100 100 ns 
‘'27C/PC64-120 ‘27C/PC64-12 120 ns 
’27C/PC64-1 ‘27C/PC64-15 150 ns 
‘27C/PC64-2 ‘27C/PC64-20 200 ns 
‘27C/PC64 '27C/PC64-25 250ns 


Power Saving CMOS Technology 


Very High-Speed SNAP! Pulse Programming 
or Fast Programming Algorithms 


3-State Output Buffers 


400 mV Guaranteed DC Noise Immunity Address Inputs 


with Standard TTL Loads 


Chip Enable Power Down 
G Output Enable 
Ground 


@ Latchup Immunity of 250 mA on All Input 
and Output Lines 


No Connection 
Make No External Connection 


@ Low Power Dissipation (VCC = 5.25 V) 


— Active ... 158 mW Worst Case PGM Program 
— Standby . . . 1.4 mW Worst Case Q1-08 Outputs 
VCC 5-V Power Supply 


(CMOS Input Levels) 


@ PEP4 Version Available with 168 Hour 
Burn-In, and also Extended Guaranteed 
Operating Temperature Ranges 


12-13 V Programming Power Supply 


description 
The TMS27C64 series are 65,536-bit, ultraviolet-light erasable, electrically programmable read-only 
memories. 
The TMS27PC64 series are 65,536-bit, one-time, electrically programmable read-only memories. 


These devices are fabricated using power saving CMOS technology for high-speed and simple interface 
with MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 74 TTL 
circuits without the use of external pull-up resistors. Each output can drive one Series 74 TTL circuit without 
external resistors. 


The data outputs are three-state for connecting multiple devices to a common bus. The TMS27C64 and 
the TMS27PC64 are pin compatible with 28-pin 64K MOS ROMs, PROMs, and EPROMs. 


PRODUCTION DATA documents contain information ‘ Copyright © 1985, Texas Instruments Incorporated 
cerrent as of publication date. Products conform to 4 

specifications per the terms of Texas Instruments TEXAS 

standard warranty. Production processing does not IN STRUM ENTS 


necessarily include testing of all parameters. 
POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


TMS27€128 131 072. BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 
TMS27PC128 131,072-BIT PROGRAMMABLE READ-ONLY MEMORY 


OCTOBER 1984 — REVISED FEBRUARY 1989 
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This Data Sheet is Applicable to All 
TMS27C 128s and TMS27PC128s Symbolized 
with Code “‘A”’ as Described on Page 77. 


Organization... 16K x 8 
Single 5-V Power Supply 


Pin Compatible with Existing 128K MOS 
ROMs, PROMs, and EPROMs 


All Inputs/Outputs Fully TTL Compatible 


Max Access/Min Cycle Times 


Vcc +5% Vcc +10% 
‘'27C128-100 100 ns 
‘'27C128-120 ‘'27C128-12 120 ns 
‘27C/PC128-1 '27C/PC128-15 150ns 
‘27C/PC128-2 ‘27C/PC128-20 200ns 
‘27C/PC128 ‘27C/PC128-25 250ns 


Power Saving CMOS Technology 


Very High-Speed SNAP! Pulse Programming 
or Fast Programming Algorithms 


3-State Output Buffers 


400 mV Guaranteed DC Noise immunity with 
Standard TTL Loads 


@ Latchup Immunity of 250 mA on All Input and 
Output Lines | 


@ Low Power Dissipation (Vcc = 5.25 V) 
— Active . . . 158 mW Worst Case 
— Standby... 1.4mW Worst Case 
(CMOS Input Levels) 


@ PEP4 Version Available with 168 Hour Burn- 
in, and also Guaranteed Operating 
Temperature Ranges 


@ 128K EPROM Available with MIL-STD-883C 


J AND N PACKAGES 
(TOP VIEW) 


FM PACKAGE 
(TOP VIEW) 


141516171819 20 


NO nNDTM Oo 
9O9YV2Z900 


Class B High Reliability Processing 


(SMJ27C128) A0-A13 


description 


The TMS27C128 series are 131,072-bit, 
ultraviolet-light erasable, electrically 
programmable read-only memories. 


The TMS27PC1 28 series are 131, 072-bit, one- 
time, electrically programmable read-only 
memories. 


These devices are fabricated using power-saving 
CMOS technology for high speed and simple 
interface with MOS and bipolar circuits. Allinputs 


PRODUCTION DATA documents contain information ? 
current as of publication date. Products conform to. 4 
specifications per the terms of Texas Instruments TE 
standard warranty. Production processing does not IN STRU MENTS 


necessarily include testing of all parameters. 
POST OFFICE BOX 1443 @ HOUSTON, TEXAS 77001 


Address Inputs 

Chip Enable/Power Down 
Output Enable 

Ground 

No Connection 

Make No External Connection 
Program 

Outputs 

5-V Power Supply 


12-13 V Programming Power Supply 


Copyright © 1984, Texas Instruments Incorporated 


TMS27C€256 262,144-BIT UV ERASABLE PROGRAMMABLE READ-ONLY MEMORY 
TMS27PC256 262,144-BIT PROGRAMMABLE READ-ONLY MEMORY 


SEPTEMBER 1984 — REVISED FEBRUARY 1989 


This Data Sheet is Applicable to All 


TMS27C256s and TMS27PC256s Symbolized 


with Code “’A’’ as Described on Page 12. 
Organization ... 32K x 8 
@ Single 5-V Power Supply 


@ Pin Compatible with Existing 256K MOS 
ROMs, PROMS, and EPROMs 


All Inputs/Outputs Fully TTL Compatible 
Max Access/Min Cycle Times 
Vcc +5% Vcc +10% 


‘270256-120 ‘27C256-12 120 ns 
‘27C/PC256-150 ‘27C/PC256-15 150 ns 
‘27C/PC256-1 '27C/PC256-17 170 ns 
‘27C/PC256-2 ‘27C/PC256-20 200 ns 
‘27C/PC256 ‘27C/PC256-25 250 ns 


Power Saving CMOS Technology 


Very High Speed SNAP! Pulse Programming 


or Fast Programming Algorithms 
3-State Output Buffers 


400 mV Guaranteed DC Noise Immunity 
with Standard TTL Loads 


@ Latchup Immunity of 250 mA on All Input 
and Output Lines 


@ Low Power Dissipation (Vcc = 5.25 V) 
— Active... 158 mW Worst Case 
— Standby... 1.4 mW Worst Case 
~ (CMOS-Input Levels) 


@ PEP4 Version Available with 168 Hour Burn- 
in, and also Guaranteed Operating 
Temperature Ranges 


@ 256K EPROM Available with MIL-STD-883C 
Class B High Reliability Processing 
(SMJ27C256) 

description 


The TMS27C256 series are 262,144-bit, 
ultraviolet-light erasable, electrically 
programmable read-only memories. 


The TMS27PC256 series are 262, 144-bit, one- 
time, electrically programmable read-only 
memories. 


These devices are fabricated using power saving 
CMOS technology for high speed and simple 


interface with MOS and bipolar circuits. All 


inputs (including program data inputs) can 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 


4s 
TEXAS 
INSTRUMENTS 


J AND N PACKAGES 
(TOP VIEW) 


FM PACKAGE 
(TOP VIEW) 


AO-A14 Address Inputs 
E Chip Enable/Power Down 
G Output Enable 

Ground 


No Connection 


Make No External Connecction 
Q1-Q8 Outputs 
VCC 5-V Power Supply 


12-13 V Programming Power Supply 


Copyright © 1984, Texas Instruments Incorporated 


POST OFFICE BOX 1443 ® HOUSTON, TEXAS 77001 
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TMS27C512 524,288-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 
TMS27PC512 524,288-BIT PROGRAMMABLE READ-ONLY MEMORY 


NOVEMBER 1985 — REVISED FEBRUARY 1989 


This Data Sheet is Applicable to All J AND N PACKAGE 
TMS27C 512s and TMS27PC512s (TOP VIEW) 
Symbolized with Code ’‘A”’ as Described on 


Page 12. 
Organization... 64K x 8 
@ ‘Single 5-V Power Supply 


Pin Compatible with Existing 512K MOS 
ROMs, PROMs, and EPROMs 


All Inputs/Outputs Fully TTL Compatible 


Max Access/Min Cycle Time 


Vcc +5% Vcc +10% 
‘27C/PC512-150 ‘'27C/PC512-15 150 ns 
‘'27C/PC512-1 ‘27C/PC512-17. 170 ns 
‘27C/PC512-2 ‘27C/PC512-20 200 ns 
‘27C/PC512 '27C/PC512-25 250 ns 
, . FM PACKAGE 
27C/PC512-3 27C/PC512-30 300 ns (TOP VIEW) 


Power Saving CMOS Technology 


Very High-Speed SNAP! Pulse Programming 
or Fast Programming Algorithms 


3-State Output Buffers 


400 mV Guaranteed DC Noise Immunity 
with Standard TTL Loads 


@ Latchup Immunity of 250 mA on All Input 
and Output Lines 


@ Low Power Dissipation (Vcc = 5.25 V) 
— Active ... 158 mW Worst Case 
— Standby... 1.4 mW Worst Case 
(CMOS Input Levels) 


@ PEP4 Version Available with 168 Hour Burn-in, 
and also Guaranteed Operating Temperature 


Ranges 
@ 512K EPROM Available with MIL-STD-883C AO-A15. Address Inputs 
Class B High Reliability Processing E Chip Enable/Power Down 
(SMJ27C512) G/Vpp 12-13 V Programming Power Supply 
GND Ground 
description | NC No Connection 
The TMS27C512 series are 524,288-bit, OES, eee ne Ranmine Se Ommiee en 
ultraviolet-light erasable, electrically Ouiputs 


programmable read-only memories. 5: Fower SUppty 


The TMS27PC512 series are 524, 288-bit, one-time, electrically programmable read-only memories. 


These devices are fabricated using power-saving CMOS technology for high speed and simple interface with 
MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 74 TTL circuits 
without the use of external pull-up resistors. Each output can drive one Series 74 TTL circuit without external 


resistors. 
PRODUCTION DATA documents contain information ‘ Copyright © 1985, Texas Instruments Incorporated 
current as of publication date. Products conform to 4 
specifications per the terms of Texas Instruments TEXAS 
standard warranty. Production processing does not IN STRUM ENTS 


necessarily include testing of all parameters. 
POST OFFICE BOX 1443 @ HOUSTON. TEXAS 77001 


TMS27€291, TMS27C292 16,384-BIT UV 
ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 
TMS27PC291 16,384-BIT PROGRAMMABLE READ-ONLY MEMORY 


SEPTEMBER 1986—REVISED APRIL 1988 


Organization... 2K x 8 J AND N PACKAGE 


Single 5-V Power Supply (TOP VIEW) 


Pin Compatible with Existing 2K x 8 
Bipolar/High-Speed CMOS EPROMs 
and PROMs 


All Inputs/Outputs TTL Compatible 
High Speed | 
@ Max Access/Min Cycle Time 
Vcc + 5% 


*27C/PC291-3 ‘'27C292-3 35 ns 
‘27C/PC291 '27C292 45 ns 
‘27C/PC291-5 ‘'27C292-5 50ns 


Vcc + 10% 
‘27C/PC291-35 '27C292-35 35 ns FN PACKAGE 
‘'27C/PC291-45 ‘'27C292-45 45 ns (TOP VIEW) 


’27C/PC291-50 ‘'27C292-50 50 ns 
Low-Power CMOS Technology 
@ 3-State Output Buffers 


Low Power Dissipation (Vcc = 5.25 V) 
— Active... 394 mW Max 


Erasable 
100% Pretestable 


NMOOAOKMN © 


description dod zZ2Z2000 
The TMS27C291 and TMS27C292 series are 
16,384-bit, ultraviolet-light erasable, electrically tThese pins have different pin assignments and 
programmable read-only memories. The | functions in the program mode (see page 3). 


TMS27PC291 series are 16,384-bit, one-time, 
electrically programmable read-only memories. 
These devices are fabricated using CMOS 
technology for high speed and simple interface READ MODE 
with MOS and bipolar circuits. All . inputs 
(including program data inputs) can be driven by 

; ; ; : AO0-A10 Address Inputs 
Series 74 TTL circuits without the use of as aca 
external resistors. Each output can drive eight 

: : : : : NC No Connection 
Series 74 TTL circuits without external resistors. 61-08 Gumat 
The data outputs are three-state for connecting Sy So es hi 4 eaiathe 
multiple devices to a common bus. The J and N nia F 
dual-in-line packages are pin compatible with 
existing 24-pin bipolar PROMs and high speed 
EPROMs. 


The TMS27C291 and TMS27C292 are offered in dual-in-line ceramic packages (J suffix). The TMS27C291 
ceramic package is designed for insertion in mounting-hole rows on 7,62-mm (300-mil) centers. The 
TMS27C292 ceramic package is designed for insertion in mounting-hole rows on 15,24-mm (600-mil) 
centers. 


ADVANCE INFORMATION 


Vcc . 5-V Power Supply 


ADVANCE INFORMATION concerns new products in ; Copyright © 1986, Texas Instruments Incorporated 
the sampling or preproduction phase of development. 4 
Characteristic data and other specifications are 


| | EXAS = 
subject to change without notice. INSTRUMENTS 
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TMS27C291, TMS27C292 16,384-BIT UV | 
ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 7 
TMS27PC291 16,384-BIT PROGRAMMABLE READ- ‘ONLY MEMORY 


The TMS27PC291 PROM is offered in dual-in-line plastic package (N suffix) designed for insertion in 
mounting-hole rows on 7,62-mm (300-mil) centers. This version of the device is still in development, and 
the ADVANCE INFORMATION notices in this data sheet pertain to the N package devices. The 
TMS27PC291 PROM is also offered in a 28-lead plastic-leaded chip carrier (FN suffix) for surface mounting 
applications on solder lands on 1,27-mm (50-mil) centers. 


All devices are guaranteed for operation from O°C to 70°C. 


operation 


There are eight modes of operation for the TMS27C291, TMS27C292 and the TMS27PC291 as listed 
in the following table. The read mode requires a single 5-V supply. All nee are TTLor CMOS levels except 
for Vpp during programming (13.5 V). 


FUNCTION Output { Output | Output | Program | Program Fast Blank Check | Blank Check rae 
ignature 
. Disable*| Disable*| Disable*| Verify Inhibit Program Ones Zeros . 


[|e [a [en [om 


TPin assignment for program mode. 

+X can be Vi, or Vip. 

$v, =12V + 0.5 V. 

q(P) = Programming mode. 

#Output can be disabled using any of these three methods. 


read/output disable 


When the outputs of two or more of these devices are connected in parallel on the same bus, the output 
of any particular device in the circuit can be read with no interference from competing outputs of the other 
devices. To read the output of a’27C291, '27PC291, or '27C292, a low-level signal is applied to S1 and 
a high-level signal is applied to S2 and S3. Any other combination of logic states on these three inputs 
will disable the outputs. Output data is accessed at pins Q1 through Q8. 


latchup immunity 


Latchup immunity is a minimum of 250 mA on all inputs and outputs. This feature provides latchup immunity 
beyond any potential transients at the P.C. board level when the devices are interfaced to industry-standard 
TTL or MOS logic devices. The input/output layout approach controls latchup without compromising 
performance or packing density. 
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TCM129C€13, TCM129C014, TCM129C16, TCM129C17, 
TOM29C13, TCM29C14, TCM29C16, TCM29C17 
COMBINED SINGLE-CHIP PCM CODEC AND FILTER 


@ Replaces Use of TCM2910A in Tandem 
with TCM2912C 


Reliable Silicon-Gate CMOS Technology 


@ Low Power Consumption: 
Operating Mode . . . 80 mW Typical 
Power-Down Mode... 5 mW Typical 


@ Excellent Power Supply Rejection Ratio Over 
Frequency Range of O to 50 kHz 

@ No External Components Needed for 
Sample, Hold, and Auto-Zero Functions 
Precision Internal Voltage References 


Direct Replacement for Intel 2913, 2914, 
2916, and 2917 


@ TCM29C13N-3 is Primarily Used for Low- 
Cost DSP Applications with TMS320CXX 


description 


D2765, APRIL 1986 REVISED JUNE 1988 


FEATURE TABLE 


29C13 | 29014 | 29C16 | 29C17 
Number of Pins: 
24 
20 
16 
p-law/A-law Coding: 
p-law 
A-law 
Data Timing Rates: 
Variable Mode 
64 kHz to 2.048 MHz 
Fixed Mode 
1.536 MHz 
1.544 MHz 
2.048 MHz 
Loopback Test Capability 
8th-Bit Signaling 


The TCM129C13, TCM129C14, TCM129C16, TCM129C17, TCM29C13, TCM29C14, TCM29C16, and 
TCM29C17 are single-chip pulse-code-modulated encoders and decoders (PCM codecs) and PCM line filters. 
These devices provide all the functions required to interface a full-duplex (4-wire) voice telephone circuit 
with a time-division-multiplexed (TDM) system. These devices are intended to replace the TCM2910A 
in tandem with the TCM2912C. Primary applications of the devices include: 

® Line Interface for Digital Transmission and Switching of T1 Carrier, PABX, and Central Office 


Telephone Systems 
@® Subscriber Line Concentrators 
®@ Digital Encryption Systems 


@ Digital Voice Band Data Storage Systems 


® Digital Signal Processing 


TCM129C13 ... DW, DY, J, OR N PACKAGE 
TCM29C13... DW, DY, J, OR N PACKAGE 
TCM29C13N-3 ... N PACKAGE 


TCM129C16, TCM129C17... JOR N PACKAGE 
TCM29C16, TCM29C17 ... J OR N PACKAGE 


(TOP VIEW) (TOP VIEW) 
Vastra y TCM129C14...DW OR JW PACKAGE veer ake 
BB LJ" CC BB 16 CC 
pwro+ (2 19F)] GSXx TCM29C14...DW OR JW PACKAGE PWRO + [2 seh) esx 
pwro []3 181] ANLG IN (TOP VIEW) Pwro []3  14[] ANLG IN 


GSR [ Ja 171 |] ANLG IN + PDN [ |4 13] ANLG GND 
earstik Vv 1 Uodv bik 
PoN[|s 161 } ANLG GND 68 LY LJ Vcc DCLKRE]s 12] TSX/OCLKX 
PWRO + [ ]2 23{ ]GSX 
CLKSEL [6 15! ] ASEL pwro 13 aah] ANLG IN PCM IN[ Jo 111] PCM OUT 
DCLKR [ |? 1a{_] TSX/DCLKX FSR/TSRE []7 10{_] FSX/TSXE 
GSR []a 21{ ]ANLG IN + 
PCM IN []8 13] PCM OUT PDN [15 20f ] ANLG GND OGTL GND[]s g{ ] CLKR/CLKX 
FSR/TSRE []9 12| ] FSX/TSXE CLKSEL He toh] NC 
DGTL GND([}io 11] CLKR/CLKX ANLG Loop [7 rah] SIGX/ASEL 
SIGR [ Js 17{ ] TSX/DCLKX 


AtaN 


DCLKR[] 16[] PCM OUT 
PCM IN[ }i0 r}FSX/TSXE 
FSR'TSRE[ ]11 = 14f.] CLKX 


DGTL GND [12 


Caution. These devices have limited built-in gate protection. The leads should be shorted together or the device 
placed in conductive foam during storage or handling to prevent electrostatic damage to the MOS gates. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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TCM129C13, TCM129C14, TCM129C16, TCM129C17 
TCM29C13, TCM29C14, TCM29C16, TCM29C17 
COMBINED SINGLE-CHIP PCM CODEC AND FILTER 


description (continued) 


These devices are designed to perform the transmit encoding (A/D conversion) and receive decoding (D/A 
conversion) as well as the transmit and receive filtering functions in a pulse-code-modulated system. They 
are intended to be used at the analog termination of a PCM line or trunk. 


The TCM129C13, TCM129C14, TCM129C16, TCM129C17, TCM29C13, TCM29C14, TCM29C16, and 
TCM29C17 provide the bandpass filtering of the analog signals prior to encoding and after decoding. These 
combination devices perform the encoding and decoding of voice and call progress tones as well as the 
signaling and supervision information. 


The TCM29C13N-3 is the same as the TCM29C13N except for certain parameters as indicated in the 
specification section. 


The TCM129C13, TCM129C14, TCM129C16, and TCM129C17 are characterized for operation from 
-~40°C to 85°C. The TCM29C13, TCM29C14, TCM29C16, and TCM29C17 are characterized for 
operation from O°C to 70°C. 


functional block diagram 


TRANSMIT 
SECTION 


ae PCM OUT 
ANLG IN+ SAMPLE SUCCESSIVE 

>. AND HOLD APPROXI- een TSX/DCLKX 
ANLG IN— 1 AND DAC MATION ISTER 


SIGX/ASEL 
GSX 


' ANALOG 

To inl fo 

/ CONTROL J 
LOGIC CLKX 


FSX/TSXE 


RECEIVE 
SECTION 


CLKSEL 
PDN 


GSR ANLG Loopt 


PWRO+ SAMPLE PCM IN 


AND HOLD 


AND DAC 
DLCKR 


Vec Vesp OGTL ayyg FSR/TSRE 
D GND ciKRt 


tTCM129C14 and TCM29C14 only 
tTCM129C13, TCM129C16, TCM129C17, TCM29C13, TCM29C16, and TCM29C17 only. 
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TCM129C13, TCOM129C14, TCM129C16, TCM129C17 
TCM29C13, TCM29C14, TCM29C16, TCM29C17 
COMBINED SINGLE-CHIP PCM CODEC AND FILTER 


TCM129C16 
TCM129C13|] TCM129C14 | TCM129C17 DESCRIPTION 
TCM29C13 | TCM29C14 | TCM29C16 
TCM29C17 
Most negative supply voitage; input is -5 V +5%. 


Noninverting output of power amplifier. Can drive transformer hybrids or 
high-impedance loads directly in either a differential or a single-ended 
configuration. 


Inverting output of power amplifier; functionally identical with and 
complementary to PWRO+. 


Input to the gain-setting network on the output power amplifier. 
Transmission level can be adjusted over a 12-dB range depending upon 
the voltage at GSR. 


PDN Power-down select. The device is inactive with a TTL low-level input to 
this pin and active with a TTL high-level input to the pin. 


CLKSEL Clock frequency selection. Input must be connected to Veg, Vcc. or 
ground to reflect the master clock frequency. When tied to Vag, CLK is 
2.048 MHz. When tied to ground, CLK is 1.544 MHz. When tied to Vcc, 
CLK is 1.536 MHz. 


ANLG LOOP Provides loopback test capability. When this input is high, PWRO+ is 
internally connected to ANLG IN. 


Signaling bit output, receive channel; in a fixed-data-rate mode, outputs 
the logical state of the 8th bit (LSB) of the PCM word in the most recent 
signaling frame. 


Selects fixed or variable data-rate operation. When this pin is connected 
to Vgp. the device operates in the fixed-data-rate mode. When DCLKR 
is not connected to Vpp, the device operates in the variable-data-rate 
mode, and DCLKR becomes the receive data clock, which operates at 
frequencies from 64 kHz to 2.048 MHz 


Receive PCM input. PCM data is clocked in on this pin on eight consecutive 
negative transitions of the receive data clock, which is CLKR in fixed-data- 
rate timing and DCLKR in variable-data-rate timing. 


FSR/TSRE Frame synchronization clock input/time slot enable for receive channel. 
In the fixed-data-rate mode, FSR distinguishes between signaling and non- 
signaling frames by a double- or single-length pulse, respectively. In the 
variable-data-rate mode, this signal must remain high for the duration of 
the timeslot. The receive channel enters the standby state when FSR is 
TTL low for 300 ms. 


DGTL GND Digital ground for all internal logic circuits. Not internally connected to 
ANLG GND. 


Receive master clock and data clock for the fixed-data-rate mode. Receive 


master clock only for variable-data-rate mode. CLKR and CLKX are 
internally connected together for TCM129C13, TCM129C16, 
TCM129C17, TCM29C13, TCM29C16, and TCM29C17. 
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TCM129C13, TCM129C14, TCM129C16, TCM129C17 
TCM29C13, TCM29C14, TCM29C16, TCM29C17 
COMBINED SINGLE-CHIP PCM CODEC AND FILTER — 


PIN 


TCM129C16 
TCM129C13| TCM129C14 | TCM129C17 
TCM29C13 | TCM29C14 | TCM29C16 
TCM29C17 


FSX/TSXE 


PCM OUT 


SIGX/ASEL 


ANLG GND 


ANLG IN + 


ANLG IN - 


GSX 


Vcc 


DESCRIPTION 


Transmit master clock and data clock for the fixed-data-rate mode. 
Transmit master clock only for variable data rate mode. CLKR and CLKX 
are internally connected for the TCM129C13, TCM129C16, TCM129C17, 
TCM29C13, TCM29C16, and TCM29C17. 


Frame synchronization clock input/time-slot enable for transmit channel. 
Operates independently of, but in an analagous manner to, FSR/TSRE. 
The transmit channel enters the standby state when FSX is low for 300 ms. 


Transmit PCM output. PCM data is clocked out on this output on eight 
consecutive positive transitions of the transmit data clock, which is CLKX 
in fixed-data-rate timing and DCLKX in variable-data-rate timing. 


Transmit channel time slot strobe (output) or data clock (input) for the 
transmit channel. In the fixed-data-rate mode, this pin is an open-drain 
output to be used as an enable signal for a three-state buffer. In the 
variable-data rate mode, DCLKX becomes the transmit data clock, which 
operates at TTL levels from 64 kHz to 2.048 MHz. 


Used to select between A-law and p-law operation. When connected to 
Vpp, A-law is selected. When connected to Vcc or ground, u-law is 
selected. When not connected to Vgp, it is a TTL-level input that is 
transmitted as the eighth bit (LSB) of the PCM word during signaling frames 
on the PCM OUT pin (TCM129C14 and TCM29C14 only). SIGX/ASEL 
is internally connected to provide p-law operation for TCM129C16 and 
TCM29C16 and A-law operation for TCM129C17 and TCM29C17. 


Analog ground return for all internal voice circuits. Not internally connected 
to DGTL GND. 


Noninverting analog input to uncommitted transmit operational amplifier. 
Internally connected to ANLG GND on TCM129C16, TCM29C16, 
TCM129C17, and TCM29C17. 


Inverting analog input to uncommitted transmit operational amplifier. 


Output terminal of internal uncommitted operational amplifier. Internally, 
this is the voice signal input to the transmit filter. 


Most positive supply voltage, input is 5 V + 5%. 


TEXAS 4 


INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TOM129C13, TCM129C14, TCM129C16, TCM129C17 
TCM29C13, TCM29C14, TCM29C16, TCM29C17 
COMBINED SINGLE-CHIP PCM CODEC AND FILTER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 2.0... 2. eee —-0.3 Vto 15 V 
Output Voltage, VO: o4-44) ee isa be ae eh Sl he Eien te ay ey hele -O0.3Vto 15 V 
INDUE VOIAGEs. Vo a 4.46.c02 2 nied. ak Bho Sen ek Ree eae 8 ee heed atk baa Hees —-0.3 Vto 15 V 
Digital ground voltage .................. ee ee ee ee ee ee ee -0.3 Vto 15 V 
Continuous total dissipation at (or below) 25°C free-air temperature ................ 1375 mW 
Operating free-air temperature range: TCM129C__ .... 2... ee ee eee -—40°C to 85°C 

. NMS WAL Onan a sel pcan Bice tect Ata eR od! Aa Haene de, 0°C to 70°C 
Storage temperature range .... 1... 0. eee —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW, DY, or N package ... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J or JW package ....... 300 °C 


NOTES: 1. Voltage values for maximum ratings are with respect to Vpp. 


recommended operating conditions (see Note 2) 


ViH  - High-level input voltage, all inputs except CLKSEL 


VIL Low-level input voltage, all inputs except CLKSEL 
For 2.048 MHz 
For 1.544 MHz 
For 1.536 MHz Vcc -0.5 


At SX a 
Ri Load resistance | ke | 
At PWRO+ andlor PWRO— 


At GSX 
CL Load capacitance 
AT PWRO + and/or PWRO — 
a Operating free-air temperature esas 
ratin -ai eratur 
a aie TCM29C__ 


NOTES: 2. To avoid any possible damage and reliability problems to these CMOS devices when applying power, the following sequence 
should be followed: 
(1) Connect ground 
(2) Connect the most negative voltage 
(3) Connect the most positive voltage 
(4) Connect the input signals 
When powering down the device, follow the above steps in reverse order. If the above procedure cannot be followed, connect 
a diode between Vpp and digital ground, cathode to DGND, anode to Vpp. 
3. Voltages at analog inputs and outputs, Vcc, and Vgp terminals are with respect to the ANLG GND terminal. All other voltages 
are referenced to the DGTL GND terminal unless otherwise noted. 


Clock select 
input voltage 
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TCM129C13, TCM129C14, TCM129C16, TCM129C17 
TOM29C13, TCM29C14, TCM29C16, TCM29C17 
COMBINED SINGLE-CHIP PCM CODEC AND FILTER 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 


supply current, fpoCLK = 2.048 MHz, outputs not loaded 


TCM129C_ 
PARAMETER?* TEST CONDITIONS ‘| rypt 


re 
Supply current - 
seals FSX or FSR at Vi, after 300 ms 0 . 5. 
cc PON Vj, after 10 ps 0.3 


Operating | SCSC~S 
Supply current 
B pony Standby FSX or FSR at Vi, after 300 ms -0.7 
ae PDN Vi, after 10 ys 
Operating | SSCS 
Power 
be PO hah Standby FSX or FSR at Viz after 300 ms 
dissipation —— 


TCM129C 
PARAMETER TEST CONDITONS. 
MIN TYPT MAX 
PCM out IOH = -9.6 mA 
VOH High-level output voltage 
SIGR loH = -1.2 mA 


. digital interface 


VoL low-level output voltage at PCM out, TSX, SIGR]| Io, = 3.2 mA 
lit High-level input current, any digital input V; =2.2 Vto Vcc 
Ne Low-level input current, any digial input V; = Ot00.8V 


Cj Input Capacitance 


transmit amplifier input 


Vi= 


Input offset voltage at ANLG’IN+, ANLG IN- 
Common-mode rejection at ANLG IN+, ANLG IN— —-2.17Vto 2.17 V 5 — 


Open-loop voltage amplification at GSX 
Open-loop unity-gain bandwidth at GSX 


receive filter output 


PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 
Output offset voltage PWRO +, PWRO — (single-ended) Relative to ANLG GND 80 


* 


TAIl typical values are at Vgg = -—5 V, Vcc = 5 V, and Ta = 25°C. 
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TCM129C13, TCM129C14, TCM129C16, TCM129C17 
TCM29C13, TCM29C14, TCM29C16, TCM29C17 
COMBINED SINGLE-CHIP PCM CODEC AND FILTER 


gain and dynamic range, Vcc = 5 V, Veg = —-5 V, Ta = 25°C (unless otherwise noted) 
(see Notes 4, 5, and 6) 


PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
Encoder milliwatt response Signal input = 1.064 V rms for p-law +0.04 +0.2 demo 
m 
(transmit gain tolerance) Signal input = 1.068 V rms for A-law | TCM29C13N-3 
Encoder miiliwatt response Ta = 0°C to 70°C, 
(nominal supplies and temperature) Supplies = +5% 
Digital milliwatt response (receive ‘ 
: is Signal input per CCITT G.711, 
tolerance gain) relative to zero- Cine ; + kH 
utput signal = z 
transmission level point js TCM29C13N-3 . 
Digital milliwatt response variation Ta = 0°C to 70°C, +0.08 
with temperature and supplies Supplies = +5% 
= 
Zero-transmission-level Ri = 600 Q 
point, transmit channel dBm 


(O dBmO) 


+0.04 +0.2 


Zero-transmission-level 
point, receive channel 
(O dBmO) 


NOTES: 4. Unless otherwise noted, the analog input is a O-dBm0O, 1020-Hz sine wave, where O dBm0O is defined as the zero-reference 
point of the channel under test. This corresponds to an analog signal input of 1.064 V rms, or an output of 1.503 V rms. 
5. The input amplifier is set for unity gain, noninverting. The digital input is a PCM bit stream generated by passing a O-dBmO, 
1020-Hz sine wave through an ideal encoder. 
6. Receive output is measured single-ended in the maximum-gain configuration. To set the output amplifier for maximum gain, 
GSR is connected to PWRO — and the output is taken at PWRO+. All output levels are (sin x)/x corrected. 


gain tracking over recommended ranges of supply voltage and operating free-air temperature, reference 
level = — 10 dBmO 


PARAMETER TEST CONDITIONS 


3 to - 40 dBmO 


Transmit gain tracking error, sinusoidal input 40 to ~ 50 dBmO 


50 to —55 dBmO 


3 to 40 dBmO 
Receive gain tracking error, sinusoidal input 40 to 50 dBmO 
50 to 55 dBm0O 


TEXAS ¥ eue 
INSTRUMENTS 


POST OFFICE BOX 655012 « DALLAS, TEXAS 75265 


TCM129C13, TOM129C14, TCM129C16, TCM129C17 
TCM29C13, TCM29C14, TCM29C16, TCM29C17 
COMBINED SINGLE-CHIP PCM CODEC AND FILTER 


noise over recommended ranges of supply voltage and operating free-air temperature 


PARAMETER TEST CONDITIONS MIN MAX 


; : ANLG IN+ = ANLG GND, 
Transmit noise, C-message weighted 15 | dBrnCO 
ANLG IN- = GSX 
i ‘ ; : ANLG IN+ = ANLG GND, 
Transmit noise, C-message weighted with eighth-bit 
; : ANLG IN—- = GSX, 18 | dBrnCO 
signaling (TCM129C14 and TCM29C14 only) ; ; 
6th frame signaling : 
Tra cal h seal ahea ANLG IN+ = ANLG GND, 75 
ransmit noise, psophometrically weighte as 
ens wince ANLG IN- = GSX 


PCM IN = 11111111 (p-law) 
Receive noise, C-message weighted quiet code PCM IN = 10101010 (A-law) 11 
measured at PWRO + 


power supply rejection and crosstalk attenuation over recommended ranges of supply voltage and 
operating free-air temperature 


Vcc supply voltage Idle channel, 
rejection ratio, supply signa: = 200 mV p-p, | 
idle channel, 
supply signal = 200 mV p-p, 
f measured at PCM OUT 
Idle channel, 


f = 30 to 50 kHz 


transmit channel 
Vpp supply voitage 
rejection ratio, 
transmit channel 
Vcc supply voltage 
rejection ratio, 


supply signal = 200 mV p-p, 
receive channel 


narrow-band, f measured 
at PWRO + 


(single-ended) 


V supply voltage idle channel, 

eeeaeee 2 f = Oto 30 kHz Bee) 
rejection ratio, supply signal = 200 mV p-p, 
receive channel narrow-band, f measured 

; f = 30 to 50 kHz -45 
(single-ended) at PWRO + 


ANLG IN+ = O dBmO, 
f = 1.02 kHz, unity gain, 

PCM IN = lowest decode level, 
measured at PWRO + 
PCM IN = O dBmO, 
f = 1.02 kHz, 

Measured at PCM OUT 


Crosstalk attenuation, transmit-to-receive 


(single-ended) 


Crosstalk attenuation, receive-to-transmit a 
(single-ended) 


TAI typical values are at Vga = -5 V, Vcc = 5 V, and Ta = 25°C. 
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distortion over recommended ranges of supply voltage and operating free-air temperature 


PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 
ANLG IN¢ = 0 to -30 d8m0 = coca 


Transmit signal to distortion ratio, sinusoidal 
input (CCITT G.712 — Method 2) 


| 
Transmit single requency distortion products | AT&T Advisory #64 (9.8), Input signal = Odimo| ~~ 4B | Bm | 


COI G.712.(7.1) 

dBmO 
Cont 6.712 (7.2) | PC 
Cent 6.712 (6.1) 

dBmO 
CCT 6.712 (9) 0] 


; Fixed data rate, fCcLKx = 2.048 MHz, 
Transmit absolute delay time to PCM OUT 245 us 
input to ANLG IN+ 1.02 kHz at O dBmO 


f= 500 Hz to 600 Ha 
f = 600 Hz to 1000 Hz 
pS 


Receive signal to distortion ratio, sinusoidal 
input (CCITT G.712 — Method 2) 


Intermodulation distortion, end-to-end 


Spurious out-of-band signals, end-to-end 


Transmit differential envelope delay time 


relative to transmit absolute delay time 


(= 2600 He v0 2800 Hz 


; Fixed data rate, fcLKR = 2.048 MHz, 
Receive absolute delay time to PWRO + oe ; 190 us 
Digital input is DMW codes 


(= 500 Hz to 600 He 
f= 600 Hz to 1000 He 
mn 


Receive differential envelope delay time 


relative to transmit absolute delay time 


f_= 1000 Hz to 2600 Hz eer eee 


f = 2600 Hz to 2800 Hz 


T All typical values are at Vggn = —5 V, Vcc = 5 V, and Ta = 25°C. 


transmit filter transfer over recommended ranges of supply voltage and operating free-air temperature 
(see Figure 1) 


Input amplifier set for unity 


Gain relative to gain gain, Noninverting maximum gain 
at 1.02 kHz output, Input signal at ANLG IN + 


3.4 kHz (TCM29C13N-3 only) 


TEXAS 4 nae 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TCM129C13, TCM129C14, TCM129C16, TCM129C17 | | 
TCM29C13, TCM29C14, TCM29C16, TCM29C17 
COMBINED SINGLE-CHIP PCM CODEC AND FILTER 


receive filter transfer over recommended ranges of supply voltage and operating free-air temperature 
(see Figure 2) 


PARAMETER _ TEST CONDITIONS 


Below 200 Hz 


200 Hz 
300 Hz to 3 kHz 


Gain relative to gain Input signal at PCM IN 
at 1.02 kHz is 0 dBmO 


clock timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see timing diagrams) 


PARAMETER MIN TYPt MAX | UNIT 


tc(CLK Clock period for CLKX, CLKR (2.048-MHz systems) | 488 
tr, tf Rise and fall times for CLKX and CLKR 


488 [ns | 
tw(CLK Pulse duration for CLKX and CLKR (see Note 7) . 
220 | ons | 


tw(DCLK) Pulse duration for DCLK (fpCLK = 64 Hz to 2.048 MHz) (see Note 7) 
Clock duty cycle [twiCLkK)/tc(CLK)] for CLKX and CLKR 45 50 55 


T All typical values are at Vep = -5 Vv, Vec = 5V, and Ta = 25°C. 


transmit timing requirements over recommended ranges of supply voltage and operating free-air 
temperature, fixed-data-rate mode (see timing diagrams) 


tsu(SIGX) Setup time before Bit 
th(SIGX Hold time after Bit 8 falling edge (TCM129C14 and TCM29C14 only) 


propagation delay times over recommended ranges of operating conditions, fixed-data-rate mode 
(see timing diagrams) 


PARAMETER 


From rising edge of transmit clock to Bit 1 data valid at 


t 
pd PCM OUT (data enable time on time slot entry) (see Note 8) 


From rising edge of transmit clock Bit n to Bit n + 1 data 
valid at PCM OUT (data valid time) . 

From falling edge of transmit clock Bit 8 to Bit 8 Hi-Z at 
,PCM OUT (data float time on time slot exit) (see Note 8) 
_ From rising edge of transmit clock Bit 1 to TSX active 


tod2 


Cy = Oto 100 pF O 145 
Ci = 0 to 100 pF O 145 
tod5 ; Cp. 0 60 190 ns 
(high) (timeslot disable time) (see Note 8) 
From rising edge of channel time slot to SIGR update 
(TCM129C14 and TCM29C14 only) 


NOTES: 7. FSX CLK must be phase locked with the CLKX, FSR CLK must’be phase locked with CLKR. 
8. Timing parameters toq1, tod3, and tpd5 are referenced to the high-impedance state. 


tod3 


tod4 


(low) (time slot enable time) 


From failing edge of transmit clock Bit 8 to TSX inactive 
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receive timing requirements over recommended ranges of supply voltage and operating free-air 
temperature, fixed-data-rate mode (see timing diagrams) 


PARAMETER | MIN, MAX | UNIT 


td(FSR Frame sync delay time 100 te(CLK) — 100 
tsu(PCM IN) Setup time before Bit 7 falling edge (TCM129C14 and TCM29C14 only) fF 10 ts 
th(PCM IN) Hold time after Bit 8 falling edge (TCM129C14 and TCM29C14 only) a es ee ee 


transmit timing requirements over recommended ranges of supply voltage and operating free-air 
temperature, variable-data-rate mode (see timing diagrams) 


TSS ARATE SSCSC*~“~SSSCSMIN MXC 
140 tapeukx 140 


propagation delay times over recommended ranges of operating conditions, variable-data-rate mode 
(see Note 10 and timing diagrams) 


PARAMETER TEST CONDITIONS 
| tod7 Data delay time from DCLKX CL = Oto 100 pF 
tpdg _ Data delay from timeslot enable to PCM OUT CL = 0 to 100 pF 0 50 
L = 


tpdg _ Data delay from time slot disable to PCM OUT CL = 0 to 100 pF 0 80} ns | 
tod10 Data delay time from FSX td(TSDX) = 80 ns | ons | 


receive timing requirements over recommended ranges of supply voltage and operating free-air 
temperature, variable-data-rate mode (see timing diagrams) 


PARAMETER 


td(TSDR Timeslot delay time from DCLKR (see Note 11) 140 
td(FSR ‘ Frame sync delay time 100 


thiPCM IN Hold time after Bit 8 falling edge P6O™ es 
tc(DCLKR Data clock frequency 488 15620 
t(SER) Timeslot end receive time | PSO. ew ns 


64-kilobit operation timing requirements over recommended ranges of supply voltage and operating 
free-air temperature, variable-data-rate mode 


PARAMETER TEST CONDITIONS 


= ; FSX = TTL high for 
tFSLX Transmit frame sync minimum down time ; 
remainder of frame 


FSR = TTL high for 
remainder of frame 


tFSLR Receive frame sync minimum down time 


tpCLK Pulse duration, data clock 


NOTES: 9. tEs_x Minimum requirement overrides the tq(TSpxX) Maximum requirement for 64-kHz operation. 
10. Timing parameters tpd8 and tpdg are referenced to a high-impedance state. 
11. tESLR Minimum requirement overrides the tgiTSpR) Maximum requirement for 64-kHz operation. 
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CLK, CLKR, and CLKX Selection Requirements for DSP Based Applications 


1) It should be noted that the CLKX, CLKR, CLK must be selected as follows: 


CLKSEL PIN DEVICE TYPE 
(BETWEEN 1.0 MHz to 3.0 MHz) 

= (256) x (Frame Sync Frequency) LAL RY 
TCM29C13/14/16/17 
TCM129C 13/14 

= (193) x (Frame Sync Frequency) TCM29C13/14 

= (192) x (Frame Sync Frequency) US Ae 
TCM29C13/14 


E.G.: For Frame Sync Frequency = 9.6 kHz 


G 
Ee eh 
CLKSEL PIN DEVICE TYPE 
(BETWEEN 1.0 MHz to 3.0 MHz) 
| 
Premaeciaia | 


TCLKSEL is internally set to —5 V for TCM129C16/17 and TCM29C16/1 7. 


2) Corner frequency at 8 kHz Frame Sync Frequency = 3kHz 


Therefore, the corner frequency = (3/8) x (Frame Sync Frequency). (For nonstandard frame sync.) 
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GAIN RELATIVE TO GAIN AT 1 kHz — dB 


+0.15 dB +0.15 dB +0.03 dB 
300 Hz 300 Hz 3300 Hz 
—0.125 dB 
-—0.15 dB "~0.15 dB 3400 Hz 
300 Hz 300 Hz \ 


TYPICAL FILTER —0.35 dB 
TRANSFER FUNCTION 3300 Hz 
- 1.0 dB 

3400 Hz 


EXPANDED 
SCALE 


—14 dB 


4000 Hz 


TYPICAL FILTER 


TRANSFER FUNCTION 
—32 dB 


4600 Hz 
N 


10 50 100 1k 10k 
. FREQUENCY — Hz 


FIGURE 1. TRANSFER CHARACTERISTICS OF THE TRANSMIT FILTER 
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+2 


+1 


EXPANDED 
+0.125 dB +0.15 dB . +0.15 db +0.03 dB SCALE 
200 Hz 3000 Hz 300 Hz Da 3300 Hz 
0 0.1048 


-0.15 dB findebl: 
3000 Hz \ 


—0.35 dB 
1 3300 Hz 7; 
—1.0 dB 


3400 Hz 


—10 


GAIN RELATIVE TO GAIN AT 1 kHz —dB 


—20 


—30 


—50 


1k 
FREQUENCY — Hz 


NOTE: This ts a typical transfer function of the receive filter component. 


FIGURE 2. TRANSFER CHARACTERISTIC OF THE RECEIVE FILTER 
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———— SS IMESLOT 1 > —__—__—_aI 


CLKX 1 2 3 4 5 6 7 8 
| | | | 
| | 
tairsx) le —pl jet trp le | | 
| r 
FSX INPUT a a le taiesxi | twictki-}e—>l | 
(NONSIGNALING | | h¢—————PH— tc (CLK) 
FRAMES) | a : 
ta(FSX) 
FSX INPUT =) —P fe taiFsx) 


(SIGNALING } \ 
FRAMES) 


FRAME SYNCHRONIZATION TIMING 


————____________-_________TIMESLoT N-—--__-__________-____-»| 


CLKX 1 2 3 4 5 6 7 8 
t 
ial * x 1—tpa2 + ]t-tpa3 
| 
ee — | “|e tps 
ae | i! 
TSX OUTPUT K i!/ 
I 
tsu(SIGX) 
= fags —pl i th (SIGX) 


SIGX INPUT DON'T CARE eX vauo Y DON’T CARE 


OUTPUT TIMING 
FIGURE 3. TRANSMIT TIMING (FIXED-DATA-RATE) 


TIMESLOT 1————__________________| 
CLKR 1 2 3 4 5 6 7 8 
| | | | | | | 


t — s toe | 3 
a(FSR) | re letaiesR) | > le—t, f bl twiCLK) 


FSR | 1 
(NONSIGNALING ! | lee tere k) 


FRAMES) _S | | 
_ > ke taFsr) > ie taFsR) 
(SIGNALING | 
FRAMES) 
FRAME SYNCHRONIZATION TIMING 
TIMESLOT N— 
CLKR 1 2 3 4 5 6 7 8 
tsu(PCM IN) . 
1-pl i thipcM IN) tpds—t¢ > 
rown ZR : 
Bit 1° BIT 2 BIT 3 BIT 4 BITS BIT 6 BIT 7 BiT 8! 
VALID VALID ~ VALID VALID VALID VALID VALID VALID | 


SIGR OUTPUT “VALID r VALID 


INPUT TIMING 
FIGURE 4. RECEIVE TIMING (FIXED-DATA-RATE) 


NOTE: Inputs and driven from 0.45 V to 2.4 V. Time intervals are referenced to 2 V if the high level is indicated and 0.8 V if the low 
level is indicated. 
TBit 1 = MSB = SIGN BIT and is clocked in first on the PCM-IN pin or clocked out first on the PCM-OUT pin. BIT 8 = LSB = LEAST 
SIGNIFICANT BIT and is clocked in last on the PCM-IN pin or is clocked out last on the PCM-OUT pin. 
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—_—$ $$ $$$ TIMES EON eer em 


1? ; ‘ 
' s | 
ta(TSDX) | 
e ’ J a e :Y ) 
DCLKX ate x - / 3 4 5 Pew re fey 4 
T - | | 
td(FSX) | 
! | 
‘ \ ‘ ‘ ’ ‘ r) ) | ' ‘ ) ‘ \ | ‘ H | H 
CLKX ‘ ; 4 i ' . 6 woe 
| 8 ’ ‘ ' — ‘ ’ ' ' ’ ' 
t 
pd8—p| he 
+ e— tpa7 


ai 2 >| }*-tpag 
| re | a, | 
romour ——{ Yt airat } BITit ¥ BiT2 | BIT 2 {| eiT2 Yo oBIT3 | BIT 3 | BIT4 J BITS 1 Bits Y sit? Y sBitst y— 


FIGURE 5. TRANSMIT TIMING (VARIABLE-DATA-RATE) 


FSR ir rae ae 


lest tuitspr) : 


r"\ rrr ass | re"\ | oan | vVvr—\ 
DcLKR | 1 #2, ¢3 14 @5y 64 7 \ 4.8: ly 
[re ) a ee | Navan eae ee ae ; 
| . PF le— tise) 
>| ie taFsR) : 
( 
| 
——\ r“\ rN | 7 on c—\ t 
axe Ft 1 ' t \ ‘ i \ f \ ‘ \ \ i \ i sN in | ‘ 
a | Lad LJ _/ 


tsu(PSM ee le pl le th(PCM IN) 


vomn 720078 OZOZODS ZOOL 


BIT BIT BIT BIT 
it 2 7 gt 


NOTE. All timing parameters referenced to Vip and Vi_ except togg and tpgg, which reference a high impedance state. 
FIGURE 6. RECEIVE TIMING (VARIABLE-DATA-RATE) 


NOTE: All timing parameters, referenced to Vj and Vi, except tpd8 and tpgg, which reference a high-impedance state. 
tBit 1 = MSB = SIGN BIT and is clocked in first on the PCM-IN pin or clocked out first on the PCM-OUT pin. BIT 8 = LSB = LEAST 
SIGNIFICANT BIT and is clocked in last on the PCM-IN pin or is clocked out last on the PCM-OUT pin. 
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GENERAL OPERATION 


system reliability features 


The TCM129C13, TCM129C14, TCM1:29C16, TCM129C17, TCM29C13, TCM29C14, TCM29C16, and 
TCM29C17 are powered up in four steps: 


Vcc and Vpp supply voltages are applied. 

All clocks are connected. 

TTL high is applied to PDN. 

FSX and/or FSR synchronization pulses are applied. 


On the transmit channel, digital outputs PCM OUT and TSX are held in high-impedance state for 
approximately four frames (500 us) after power up or application of VeB or Vcc. After this delay, PCM 
OUT, TSX, and signaling are functional and will occur in the proper timeslot. The analog circuits on the 
transmit side require approximately 60 ms to reach their equilibrium value due to the autozero circuit settling 
time. Thus valid digital information, such as for on/off hook detection, is available almost immediately, 
while analog information is available after some delay. 


On the receive channel, the digital output SIGR is also held low for a maximum of four frames after power 
up or application of Veg or Vcc. SIGR will remain low until it is updated by a signalling frame. 


To further enhance system reliability, PCM OUT and TSX will be placed in a high-impedance state 
approximately 20 ys after an interruption of CLKX. SIGR will be held low approximately 20 ys after an 
interruption of CLKR. These interruptions could possible occur with some kind of fault condition. 


power-down and standby operations | 
To minimize power consumption, a power-down mode and three standby modes are provided. 


For power down, an external low signal is applied to the PDN pin. It is not sufficient to remove the high 
voltage to PDN. In the absence of a signal, the PDN pin floats to high and the device remains active. In 
the power-down mode, the average power consumption is reduced to an average of 5 mW. 


The Standby modes give the user the option of putting the entire device on standby, putting only the transmit 
channel on standby, or putting only the receive channel on standby. To place the entire device on standby, 
both FSX and FSR are held at low. For transmit-only operation, FSX is high and FSR is held low. For receive- 
only operation, FSR is high and FSX is held low. See Table 1 for power down and standby procedures. 
TABLE 1. POWER DOWN AND STANDBY PROCEDURES 
| starus | _rroceoune | Tocumro | mau ouTeuT ramus 
PROCEDURE DIGITAL OUTPUT STATUS 
STATUS CONSUMPTION 
oie | aie | leer | 
Power down PDN low 3 mW le! 
SIGR goes to low within 10 us. 
are low SIGR goes to low within 300 ms. 
FSR is high state within 300 ms. 
Only receive on standby FSR is low SIGR is placed in a high-impedance state 
FSX is high within 300 ms. 
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fixed-data-rate timing (see Figure 7) 


Fixed-data-rate timing is selected by connecting DCLKR to Vgpp. It uses master clocks CLKX and CLKR, 
frame synchronizer clocks FSX and FSR, and output TSX. FSX and FSR are 8-kHz inputs that set the 
sampling frequency and distinguish between signaling and nonsignaling frames by their pulse durations. 
A frame synchronization pulse one master clock period long designates a nonsignaling frame, while a double- 
length sync pulse enables the signaling function (TCM129C14 and TCM29C14 only). Data is transmitted 
on the PCU OUT pin on the first eight positive transitions of CLKX following the rising edge of FSX. Data 
is received on the PCM IN pin on the first eight falling edges of CLKR following FSX. A digital-to-analog 
(D/A) conversion is performed on the received digital word and the resulting analog sample is held on an 
internal sample-and-hold capacitor until transferred to the receive filter. 


The clock selection pin (CLKSEL) is used to select the frequency of CLKX and CLKR (TCM129C13, 
TCM129C14, TCM29C13, and TCM29C14 only). The TCM129C13, TCM129C14, TCM29C13, and 
TCM29C 14 fixed-data-rate mode can operate with frequencies of 1.536 MHz, 1.544 MHz, or 2.048 MHz. 
The TCM129C16, TCM129C17, TCM29C16, and TCM29C17 fixed data rate mode operates at 2.048 MHz 


only. 
192/193/256 | 
fae ISK ee esee eee Pe SIX Se 
coe I~ “TIMESLOTS | ae 
123465 67 8 ’ | ; 123 45 67 8 
192/193/256 XMIT SIGNAL FRAME 
Fsx J” {5 {fn 
B7 Bg SIGX 
PCM OUTS DOO OG ee a ee ee eae 


B1 Bo B3 Ba Bs Bg 


5. oe | DON’T CARE 
SG eet at ae 4h—-—- oe ae pe es aa eres easy Ga eas ses Uae 
DON'T CARE VALID 
192/193/256 7 
OTHER 
sana ~TSIR— > je - TIMESLOTS > ‘: fa TSR Se 
CLKR TULL ALN, 7 
7 12 3 45 67 8 9 . 123 45 678 
192/193/256 REC. SIGNAL FRAME 
BS a ee 
_ | SIGR 
PCM IN __ ti SE eR SG Rs eT Re EER a 


B, Bz B3 Bg Bs Bg B7 Bg 7 


B, B2 Bz By Bs Bg B7 Bg 


SIGR Ea DO Sa Scr eee 


PREVIOUS VALUE NEW VALUE 


FIGURE 7. SIGNALING TIMING (FIXED-DATA-RATE ONLY) 
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variable data rate timing 


Variable-data-rate timing is selected by connecting DCLKR to the bit clock for the receive PCM highway 
rather than to Vpp. It uses master clocks CLKX and CLKR, bit clocks DCLKX and DCLKR, and frame 
synchronization clocks FSX and FSR. 


Variable-data-rate timing allows for a flexible data frequency. The frequency of the bit clocks can be varied 
from 64 kHz to 2.048 MHz. The bit clocks can be asynchronous in the TCM129C14 and TCM29C14, 
but must be synchronous in the TCM129C13, TCM129C16, TCM129C17, TCM29C13, TCM29C16, and 
TCM29C17. Master clocks in types TCM129C13, TCM129C14, TCM29C13, and TCM29C14 are restricted 
to frequencies of operation of 1.536 MHz, 1.544 MHz, or 2.048 MHz as in the fixed-data-rate timing mode. 
The master clock for the TCM129C16, TCM129C17, TCM29C16, and TCM29C17 is restricted to 
2.048 MHz. 


While FSX/TSXE input is high, PCM data is transmitted from PCM OUT onto the highway on the next 
eight Consecutive positive transitions of DCLKX. Similarly, while the FSR/TSRE input is high, the PCM 
word is received from the highway by PCM IN on the next eight consecutive negative transitions of DCLKR. 


The transmitted PCM word will be repeated in all remaining timeslots in the 125 us frame as long as DCLKX 
is pulsed and FSX is held high. This feature, which allows the PCM word to be transmitted to the PCM 
highway more than once per frame, if desired, is available only with variable-data-rate timing. Signaling 
is allowed only in the fixed-data-rate mode because the variable-data-rate mode provides no means with 
which to specify a signaling frame. 


signaling 


The TCM29C14 (only) provides 8th-bit signaling in the fixed-data-rate timing mode. Transmit and receive 
signaling frames are independent of each other and are selected by a double-width frame sync pulse on 
the appropriate channel. During a transmit signaling frame, the signal present on SIGX is substituted for 
the least significant bit (LSB) of the encoded PCM word. Ina receive signaling frame, the codec will decode 
the seven most significant bits in accordance with CCITT G.733 recommendations, and output the logical 
state of the LSB on the SIGR pin until it is updated in the next signaling frame. Timing relationships for 
signaling operations are shown n Figure 9. The signaling path is used to transmit digital signaling information 
such as ring control, rotary dial pulses, and off-hook and disconnect supervision. The voice path is used 
to transmit prerecorded messages as well as the call progress tones; dial tone, ring-back tone, busy tone, 
and re-order tone. 


asynchronous operation 


The TCM129C14 and TCM29C14 can be operated with asynchronous clocks in either the fixed- or variable- 
data-rate modes. !n order to avoid crosstalk problems associated with special interrupt circuits, the design 
of the TCM129C13, TCM129C14, TCM29C13, and TCM29C14 includes separate digital-to-analog 
converters and voltage references on the transmit and receive sides to allow completely independent 
operation of the two channels. 


In either timing mode, the master clock, data clock, and timeslot strobe must be synchronized at the 
beginning of each frame. Specifically, in the variable-data-rate mode the rising edge of CLKX must occur 
within tq(FSx) Ns before the rise of FSX, while the leading edge of DCLKX must occur within ttspx ns 
of the rise of FSX. CLKX and DCLKX are synchronized once per frame but may be of different frequencies. 
The receive channel operates in a similar manner and is completely independent of the transmit timing 
(see variable data rate timing diagrams). This approach requires the provision of two separate master clocks 
but avoids the use of a synchronizer, which can cause intermittent data conversion errors. 
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analog loopback 


A distinctive feature of the TCM129C14 and TCM29C14 is their analog loopback capability. With this 
feature, the user can test the line circuit remotely by comparing the signals sent into the receive channel 
(PCM IN) with those generated on the transmit channel (PCM OUT). The test is accomplished by sending 
a control signal that internally connects the analog input and output ports. WhenANLG LOOP is TTL high, 
the receive output (PWRO +) is internally connected to ANLG IN +, GSR is internally connected to PWRO — 
and ANLG IN — is internally connected to GSX (see Figure 8). 


| - EEE ANG 
| ANLG IN— GSXx ail | 
: re ! 
| lp 
cM 
TRANSMIT | A/D OUT 
VOICE “| y eo ; DIGITIZED 
O PCM 
| a) {| LoopBack 
l | RESPONSE 
: | 
_T eae ts 
; D/A a 
j DIGITIZED 
PWRO-— PCM 
| 
GSR 
| | 
Die le Se ge eh ce ee he ee ee ce, ee tee, cae a I 


FIGURE 8. TCM129C14 AND TCM29C14 ANALOG LOOPBACK CONFIGURATION 


Due to the difference in the transmit and receive transmission levels, a 0 dBmO code into PCM IN will 
emerge from PCM OUT as a 3-dBm0O code, an implicit gain of 3 dB. Because of this, the maximum signal 
that can be tested by analog loopback is O dBmO. 


precision voltage references 


No external components are required with the devices to provide the voltage references. Voltage references 
that determine the gain and dynamic range characteristics of the device are generated internally. A difference 
in subsurface charge density between two suitably implanted MOS devices is used to derive a temperature- 
and bias-stable reference voltage. These references are calibrated during the manufacturing 
process.Separate references are supplied to the transmit and receive sections, and each is calibrated 
independently. Each reference value is then further trimmed in the gain setting operational amplifiers to 
a final precision value. Manufacturing tolerances can be achieved of typically +0.04 dB in absolute gain 
for each half channel, providing the user a significant margin to compensate for error in other board 
components. . 
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conversion laws 


The TCM129C13, TCM129C14, TCM29C13, and TCM29C14 provide pin-selectable p-law operation as 
specified by CCITT G.711 recommendation. A-law operation is selected when the ASEL pin is connected 


to VBB. Signaling is not allowed during A-law operation. The TCM129C16 and TCM29C16 are p-law only. 
The TCM129C17 and TCM29C17 are A-law only. 


The p-law operation is effectively selected by not selecting A-law operation. If the ASEL pin is connected 
to vcc or GND, the device is in p-law operation. If p-law operation is selected, SIGX is a TTL-level input 
that can be used in the fixed data rate timing mode to modify the LSB of the PCM output is signaling frames. 


transmit operation 
transmit filter 


The input section provides gain adjustment in the passband by means of an on-chip uncommitted operational 
amplifier. the load impedance to ground (ANLG GND) at the amplifier output (GSX) must be greater than 
10 kQ in parallel with less than 50 pF. The input signal on the ANLG IN + pin can be either ac or dc coupled. 
The input operational amplifier can also be used in the inverting mode or differential amplifier mode. 


A low-pass antialiasing section is included on the device. This section provides 35-dB attenuation at the 
sampling frequency. No external components are required to provide the necessary antialiasing function 
for the switched capacitor section of the transmit filter. 


The passband section provides flatness and stopband attenuation that fulfills the AT&T D3/D4 channel 
bank transmission specification and CCITT recommendation G.712. The device specifications meet or 
exceed digital class 5 central office switching systems requirements. 


A high-pass section configuration was chosen to reject low-frequency noise from 50- and 60-Hz power 
lines, 17-Hz-European electric railroads, ringing frequencies and their harmonics, and other low-frequency 
noise. Even with the high rejection at these frequencies, the sharpness of the band edge gives low 
attenuation at 200 Hz. This feature allows the use of low-cost transformer hybrids without external 
components. 


encoding 


The encoder internally samples the output of the transmit filter and holds each sample on an internal sample 
and hold capacitor. The encoder performs an analog-to-digital conversion on a switched capacitor array. 
Digital data representing the sample is transmitted on the first eight data clocks bits of the next frame. 


The autozero circuit corrects for dc offset on the input signal to the encoder. The autozero circuit uses 
the sign bit averaging technique. The sign bit from the encoder output is long-term averaged and subtracted 
from the input to the encoder. All dc offset is removed from the encoder input waveform. 


receive operation 
decoding 


The serial PCM word is received at the PCM IN pin on the first ight data clock bits of the frame. Digital-to- 
analog conversion is performed and the corresponding analog sample is held on an internal sample-and- 
hold capacitor. This sample is transferred to the receive filter. 


receive filter 


The receive section of the filter provides passband flatness and stopband rejection that fulfills both the 
AT&T D3/D4 specification and CCITT recommendation G.712. The filter contains the required compensation 
for the (sin x)/x response of such decoders. 
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receive output power amplifiers 


A balanced output amplifier is provided to allow maximum flexibility in output configuration. Either of the 
two outputs can be used single-ended (i.e., referenced to ANLG GND) to drive single-ended loads. 
Alternatively, the differential output will directly drive a bridged load. The output stage is capable of driving 
loads as low as 300 ohms single-ended to a level of 12 dBm or 600 ohms differentially to a level of 15 dBm. 


The receive channel transmission level may be adjusted between specified limits by manipulation of the 
GSR input. GSR is internally connected to an analog gain-setting network. When GSR is connected to 
PWRO —, the receive level is at maximum. When GSR is connected to PWRO +, the level is minimum. 
The output transmission level is adjusted between O and — 12 dB as GSR is adjusted (with an adjustable 
resistor) between PWRO+ and PWRO-. 


Transmission levels are specified relative to the receive channel output under digital milliwatt conditions 
(i.e., when the digital input at PCM IN is the eight-code sequence specified in CCITT recommendation 
Cay ale i 
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| TYPICAL APPLICATION DATA 
output gain set design considerations (see Figure 9) 


PWRO+ and PWRO — are low-impedance complementary outputs. The voltages at the nodes are: 


VOo+ at PWRO+ 
VoO-— at PWRO- 
Voo = Vo+ —- Vo — (total differential response) 


R1 and R2 are a gain-setting resistor network with the center tap connected to the GSR input. 
A value greater than 10 kQ and less than 100 kQ for R1_ + R2 is recommended because of the following: 


The parallel! combination of R1 + R2 and R_ sets the total loading. 
The total capacitance at the GSR input and the parallel combination of R1 and R2 define a time constant 


that has to be minimized to avoid inaccuracies. 


VA represents the maximum available digital milliwatt output response (VA = 3.06 V rms). 


VOD = AVA 
1 + (R1/R2) 
4 + (R1/R2) 


Where A = 


PWRO+ 


TCM129C13 

TCM129C14 

TCM129C16 

TCM129C17 

GSR +cm29C13 
TCM29C14 
TCM29C16 pcm IN 

TCM29C17 


PWRO- 


DIGITAL MILLIWATT 
SEQUENCE PER 
CCITT G.711 


Vo_- 
ae 


FIGURE 9. GAIN-SETTING CONFIGURATION 


4 
a6 | TEXAS 
| INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TCM129C18, TCM129C19, TCM29C18, TCM29C19 
ANALOG INTERFACE FOR DSP 


D3036, AUGUST 1987—REVISED JUNE 1988 


Reliable Silicon-Gate CMOS Technology N DUAL-IN-LINE PACKAGE 


(TOP VIEW) 
Low Power Consumption 
Operating Mode . . . 80 mW VeasU! Ute vec 
Power-Down Mode... 5 mW PWRO + {2 15[ ] GSX 
p-Law Coding PWRO — 141 JANLG IN 
@ Excellent Power Supply Rejection Ratio Over PONG ie ae GID 
Frequency Range of 0 to 50 kHz EDEL e 2d oD EER 
PCM INLJ6 ~—11 ]PCM OUT 
@ No External Components Needed for FSR/TSRE[]7 10| }FSX/TSXE 
Sample, Hold, and Auto-Zero Functions DGTL GND{ {8 9{ }CLK 


Precision Internal Voltage References 


Single Chip Contains A/D, D/A, and 
Associated Filters 


FEATURE TABLE 


16 Pins 
p-Law Coding 
Variable Mode: 
64 kHz to 2.048 MHz 
Fixed Mode: 
2.048 MHz (TCM129C18, TCM29C18), 
1.536 MHz (TCM129C19, TCM29C19) 
8-Bit Resolution 


12-Bit Dynamic Range 


description 


The TCM129C18, TCM129C19, TCM29C18, and TCM29C19 are low-cost single-chip pulse-code- 
modulated encoders and decoders (PCM codecs) and PCM line filters. These devices incorporate both the 
A/D and D/A functions, an anti-aliasing filter (A/D), and a smoothing filter (D/A). These devices are ideal 


for use with the TMS320 family members, particularly those featuring a serial port such as the TMS32020, 
TMS32011, and TMS320C25. 


Primary applications of these devices include: 


Digital Encryption Systems 
Digital Voice-Band Data Storage Systems 
Digital Signal Processing 


These devices are designed to perform encoding of analog input signals (A/D conversion) and decoding 
of digital PCM signals (D/A conversion). They are useful for implementation in the analog interface of a 


digital-signal processing system. Both devices also provide band-pass filtering of the analog signals prior 
to encoding and smoothing after decoding. 


The analog input is encoded into an 8-bit digital representation by use of the p-law encoding scheme 
(CCITT G.711) which equates to 12 bits of resolution for low amplitude signals. Similarly, the decoding 
section converts 8-bit PCM data into an analog signal with 12 bits of dynamic range. The filter characteristics 
(bandpass) for the encoder and decoder are determined by a single clock input (CLK). The filter roll-off 
(—3 dB) is derived by: 


foo = k ¢ feLK/256 for the TCM129C18 and TCM29C18 or feo = k « fCLK/192 for the 
TCM129C19 and TCM29C19 


where k has a value of 0.44 for the high-frequency roll-off point, and a value of 0.019 for the low-frequency 
roll-off point. . 


PRODUCTION DATA documents contain information Copyright © 1987, Texas Instruments Incorporated 


current as of publication date. Products conform to , f| 

specifications per the terms of Texas Instruments TEXAS 
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description (continued) 


The sampling rate of the ADC is determined by the Frame Sync Clock, FSX; the sampling rate of the DAC 
is determined by the Frame Sync Clock, FSR. Once a conversion is initiated by FSX or FSR, data is clocked 
in Or Out On the next consecutive eight clock pulses in the fixed data rate mode. Likewise, data may also 
be transferred on the next eight consecutive clock pulses of the data clocks, DCLKX and DCLKR, in the 
variable data rate mode. In the variable data rate mode, DCLKX and DCLKR are independent, but must 


be in the range from fFCLK/32 to fCLK. 


The TCM129C18 and TCM129C19 are characterized for operation over the temperature range of — 40°C 
to 85°C. The TCM29C18 and TCM29C19 are characterized for operation over the temperature range of 


O°C to 70°C. 
functional block diagram 


TRANSMIT 
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AND HOLD 
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PCM OUT 
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ANALOG 
TO DIGITAL FSX/TSXE 
CONTROL 
‘LOGIC CLK 
RECEIVE 
SECTION | SECTION 
| 
CONTROL SDN 
LOGIC 
BUFFER Las 
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|NAME | | DESCRIPTION 
ANLG IN Inverting analog input to uncommitted transmit operational amplifier 
ANLG GND Analog ground return for all voice circuits. Not internally connected to digital ground. 
CLK 


Master clock and data clock for the fixed data rate mode. Master (filter) clock only for variable data-rate mode. 


This clock is used for both the transmit and receive sections. 


When this pin is connected to Vpp, the device operates in the fixed-data-rate mode. When DCLKR is not connected 
to Vpp, the device operates in the variable-data-rate mode and DCLKR becomes the receive data clock, which 


operates at frequencies from 64 kHz to 2.048 MHz. 


DGTL GND a Digital ground for all internal logic circuits. Not internally connected to analog ground. 


FSR/TSRE 7 Frame sync clock input/time-slot enable for the receive channel. In the variable-data-rate-mode, this signal must 
FSX/TSXE (an 


remain high for the duration of the time-slot. The receive channel enters the standby state when FSR is TTL low 


for 30 ms. 


Frame synchronization clock input/time-slot enable for transmit channel. Operates independently of, but in an 


analogous manner to FSR/TSRE. The transmit channel enters the standby state when FSX is low for 300 ms. 


Output terminal of internal uncommitted operational amplifier. Internally, this is the voice signal input to the transmit 
filter. 
Receive PCM input. PCM data is clocked in on this pin on eight consecutive negative transitions of the receive 


data clock, which is CLKR in fixed-data-rate timing and DCLKR in variable-data-rate timing. 


Transmit PCM output. PCM data is clocked out of this output on eight consecutive positive transitions of the 
transmit data clock, which is CLKX in fixed-data-rate timing and DCLKX in variable-data-rate timing. 
Power-Down Select. On the TCM129C18 and the TCM29C18, the device is inactive with a TTL low-level input 
and active with a TTL high-level input to the pin. On the TCM129C19 and the TCM29C19, this pin must be 
connected to a TTL high level. ; 


Noninverting output of power amplifier can drive transformer hybrids or high-impedance loads directly in either 


a differential or a single-ended configuration. 


Inverting output of power amplifier, functionally identical to PWRO + 


Transmit channel time slot strobe (output) or data clock (input). In the fixed-data-rate mode, this is an open-drain 


output to be used as an enable signal for a three-state-buffer. In the variable-data-rate mode, DCLKX becomes 
the transmit data clock, which operates at TTL levels from 64 kHz to 2.048 MHz. 


VBB Negative supply voltage, —5 V +5%. 
Positive supply voltage, 5 V +5%. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) 2.2... . 2 ee eee —0.3 to 15 V 
Output voltage, V Oa. ek acu acice ete nes ied sek Seals wes See ne Geile a Nica bo 8, @ Ae Sa —0.3 to 15 V 
Input voltage, digital inputs, Vj... 2... eee —0.3 to 15 V 
Digital Ground: Voltage 44 Fier BME PAG RES oO SH Oe Se Eb ASEAN Oo Be OSs —0.3 to 15 V 
Operating free-air temperature range .................. Re dp aide iccate ee Geetha ites ck —10°C to 80°C 
Storage temperature range .........0 0.0... ee —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds...................00. 260 °C 


NOTE 1: Voltage values for maximum ratings are with respect to Vpp. 
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recommended operating conditions (see Note 2) 


[NOM AX UNIT 
[DGTL GND votage with wespectto ANG GND——SOSC~“~S~“*S*S*~“‘~*S*S~“—<~SSC“‘“ SY 
Vine High-level input voltage, all inputs except ANLGIN——~—SC~C~S~“—S~—~S~—~iSSSC*dC 
Oe 

V 


VIL Low-level input voltage, all inputs except ANLG IN 
Vipp  Peak-to-peak analog input voltage 4.2 ae 


2 
Tox SC«dSitOS™~—SCS Ck 
Rt Load resistance ieee! 
PWRO+ andlor PWRO 
ep 
40 . 
C 


2 
GSX 
; GSX 50 
CL Load capacitance 
: PWRO+ andlor PWRO — 
- TCM129C18 or TCM129C19 
TA Operating free-air temperature — 
TCM29C18 or TCM29C19 


NOTES: 2. To avoid any possible damage and reliability problems to these CMOS devices when applying power, the following sequence 
should be followed: 
(1) Connect ground 
(2) Connect the most negative voltage 
(3) Connect the most positive voltage 
(4) Connect the input signals. | 
When powering down the device, follow the above steps in reverse order. If the above procedure cannot be followed, connect 
a diode between Vag and DGTL GND, cathode to DGTL GND, anode to Vgp. 
3. Voltages at analog inputs and outputs, Vcc and Vp terminals are with respect to the ANLG GND terminal. All other voltages 
are referenced to the DGTL GND terminal unless otherwise noted. 
4. Analog input signals that exceed 4.2 V peak-to-peak may contribute to clipping and preclude correct A/D conversion. The 
digital code representing values higher than 4.200 V is 10000000. For values more negative than 4.200 V, the code is OOOO000. 


electrical characteristics over recommended ranges of supply voltage and operating free-air temperature 


supply current, fdclk = 2.048 MHz, outputs not loaded 


TCM129CX 
TEST CONDITIONS MIN 


eae st eS 
FSX or FSR at Vi. after 300 ms mA 
PON at Vit after 10 ps 1.2 
operating | SOSC—~SCC CTO 
FSX or FSA at Vi after 300 ms mA 
from Vep 

PON at Vit after 10 us 


digital interface 


PARAMETER TEST CONDITIONS MIN TYP' MAX UNIT 
ag ee aA ion = —9.6 mA ; 
a | oltage, 
ot eee ion = —0.1 mA 
5 


PARAMETER 


operating 
Supply current 2 


—_ 
on 


from Vcc 


Supply current 


rc) input capacitance PSS tr 
[Ep Output capacitance ———SOSCS~CSC‘SCSCSC“‘“*S*S*S*S*~‘“‘“‘“<CSCSS*d tO 


TAI typical values are at Vgg = -5 V, Vcc = 5 V, and Ta, = 25°C. 
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transmit side (A/D) characteristics 


PARAMETER 
input offset current at ANLGIN” «(Ws -27Vee2I7VSSCSC~sSC“‘“‘é‘SSCSC*dSCiAC 
input bias current SSC*d = IT Vt R.TVSSSCSCSCSCSCS 100 |r 
FOpersioop voltage amplification a GX | —Ss—S=C~—~—“~“~“~*“‘“‘“‘CS*~*~*~*~*~* 
SS 
input resistance at ANLGIN «dS 

Gain tracking error with sinusoidal input | 3 dBmO to -40 dBmO, _REF level = -— 10 dBmO 
-40 dBm0 to -50 dBm0, REF level = - 10 dBmO 


Vj = 1.06 V, f = 1.02 Khe 0.98 119 [ Vee 


pA 
nA 
a . f = O to 30 kHz, (measured at PCM OUT) 
Supply voltage rejection ratio, Vcc or Vep . ; -20 
idle channel, Supply signal = 200 mV P-P 


; ; ANLG IN = O dBm, f = 1 kHz unity gain, 
Crosstalk attenuation, transmit-to-receive 

; PCM IN = lowest decode level, 62 
(single-ended) 

measured at PWRO + 

ANLG IN = 0 to ~30 dBm0 
oes ANLG IN = ~30 to 40 dBmo 
sinusoidal input (see Note 8) 

ANLG IN = ~40 to ~48 dBm 


Fixed data rate, FCLKX = 2.048 MHz, 245 
input to ANLG IN = 1 kHz at O dB 


Signal-to-distortion ratio, with 


Absolute delay time to PCM OUT 


f = Oto 30 kHz, idle channel, 
Supply signal = 200 mV P-P, 
narrow band, frequency at PWRO + 


Crosstalk attenuation, receive-to-transmit PCM IN = O dB, 
(single-ended) Frequency = 1 kHz at PCM OUT 


ANLG IN = 0 dBmO to —30 dBmO 
ANLG IN = —30 dBm0 to -40 dBmO 
ANLG IN = —40 dBm0 to ~45 dBmO 


TAIl typical values are at Vga = -5 V, Vcc = 5 V, and Ta = 25°C. 
NOTES: 5. Unless otherwise noted, the analog input is a O-dBmO, 1020-Hz sine wave, where O dBm0O is defined as the zero-reference 
point of the channel under test. This corresponds to an analog signal input of 1.064 V rms, or an output of 1.503 V rms. 
6. The input amplifier is set for unity gain. The digital input is a PCM bit stream generated by passing a O-dBmO, 1020-Hz sine 
wave through an ideal encoder. 
7. The TCM129C18, TCM129C19, TCM29C18, and TCM29C19 are internally connected to set PWRO + and PWRO — to OdBm. 
All output levels are (sin x)/x corrected. 
8. CCITT G.712 — Method 2. 
9. The receive side (D/A) characteristics are referenced to a 600-2 termination. 


Supply voltage rejection ratio, Vcc or Veep 


(single-ended) 


Signal-to-distortion ratio, sinusoidal input 
(see Note 8) 
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propagation delay times over recommended ranges of operating conditions, fixed-data-rate mode (see 
timing diagrams) 


PARAMETER TEST CONDITIONS Se UNIT 

os From rising edge of ene Eiees to bit 1 data valid at CL = 0 to 100 pF 145 

PCM OUT (data enable time on time slot entry) 

From rising edge of transmit clock bit n to bit n+1 
=e r ri g edge ransmi : i CL = 0 to 100 pF 

data valid at PCM OUT (data valid time) 
: From falling edge of transmit clock bit 8 to bit 8 Hi-Z at 215 
pd3 PCM OUT (data float time on time slot exit) 


From rising edge of transmit clock bit 1 to TSX active (low 
pda ee mow) = 0 to 100 pF 145 
(time slot enable time) 
‘ From falling edge of transmit clock bit 8 to TSX inactive (high) 190 
Pd5 (timeslot disable time) 


Cy = 0 0 100 oF 


clock timing requirements over recommended ranges of supply voltage and operauns free-air 
temperature (see timing diagrams) 


eeicuxy Clock period for CLK, (2.04u-MHz systems) ——SSSSCSCS~S—S—SsS~—~—S~—~—S ABs 
Pin ty Rise and falltmes forClkSOSCSCSCSCSCSCSCSCSCSC‘iS 
530 Tas 

ss 


tw(DCLK) Pulse duration for DCLK (fpcLK = 64 Hz to 2.048 MHz) 
Clock duty cycle [tw(CLK)/te(CLK)] for CLK 


transmit timing requirements over recommended ranges of supply voltage and operating free-air 
temperature, fixed-data-rate mode (see timing diagrams) 


td(FSX Frame sync delay time 100 tc(CLK) - 100 | ons | 


receive timing requirements over recommended ranges of supply voltage and operating free-air 
temperature, fixed-data-rate mode (see timing diagrams) 


td(FSR Frame sync delay time 100 tc(CLK) - 100 | ons | 
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transmit timing requirements over recommended ranges of supply voltage and operating free-air 
temperature, variable-data-rate mode 


PARAMETER MIN MAX UNIT 
tdiTSDX Delay time, timeslot from DCLKX (see Note 10) 140 twiDCLKX) — 140 
taiFSX Delay time, frame sync 100 tciCLK) - 100 
| ons | 


tw(DCLKX) Pulse duration, OCLKX 488 15620 


receive timing requirements over recommended ranges of supply voltage and operating free-air 
temperature, variable-data-rate mode 


wea___—_18620 
[usen) Time slot end receive tme—=S~“‘“S*S*~“‘“‘CSCSCSCSC*‘dSCC“‘“NSCSC“#N#N’NNNW§NN LN ns 


64-kbit operation timing requirements over recommended ranges of supply voltage and operating free-air 
temperature, variable-data-rate mode 


PARAMETER TEST CONDITIONS MIN MAX 
488 


Transmit frame sync 
minimum down time 


Receive frame sync 
tESLR sg y FSR = TTL high for remainder of frame 1952 ns 
minimum down time oid 


NOTES: 10. trs_x min requirement overrides the tq(TSCDX) Max requirement for 64-kHz operation. 
11. tESLR Min requirement overrides the tc(TSpR) Max requirement for 64-kHz operation. 
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0.5 dB 0.2 dB 
3000 Hz 3300 Hz 


0.2 dB 
200 Hz  S O dB 


4 


-0.5 dB “-0.5 dB 3400 Hz 
300 Hz 3000 Hz \ 


TYPICAL FILTER -2 dB 
TRANSFER FUNCTION 3300 Hz 
~3.5 dB 
3400 Hz 


TYPICAL FILTER 
TRANSFER FUNCTION 


GAIN RELATIVE TO GAIN AT 1 kHz — dB 


10 50 100 1k 
FREQUENCY — Hz 


NOTE: This is a typical transfer function of the receiver filter component. 


FIGURE 1. TRANSFER CHARACTERISTICS OF THE TRANSMIT FILTER 
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EXPANDED 
SCALE 


0.5 dB 0.5 dB 
200 Hz 300 Hz 


\ 3400 Hz 
300 Hz 3000 Hz \ 


—2 dB 

3300 Hz 
-3.5 dB 
3400 Hz 


GAIN RELATIVE TO GAIN AT 1 kHz —dB 


~25 dB 
4800 Hz 


100 1k 10 k 
FREQUENCY — Hz 


NOTE: This is a typical transfer function of the receiver filter component. 


FIGURE 2. TRANSFER CHARACTERISTIC OF THE RECEIVE FILTER 
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$$ —@ TIMESLOT 11—_____________________ 


CLK 1 2 3 4 5 6 7 8 


| | | l | | | 
| | 
talFSx) - er eere, —pl let, trai le | a 
FSX INPUT é | twiCLk) | 
! | \¢—_———Pt-—- tce(CLK) 


FRAME SYNCHRONIZATION TIMING 


———————————_—_———_——— TIMESLOT N 


CLK 1 2 3 4 5 6 7 8 
| 
wes toga + I tpas 
t 


TSX OUTPUT 


OUTPUT TIMING 
FIGURE 3. TRANSMIT TIMING (FIXED-DATA-RATE) 


— TIMESLOT 1———______________»| 
CLK 1 2 3 4 5 6 7 8 
| | l I | | 


| 
: >| , tpile | 
tal FSR) i i letaean : > et, ; IH - wick) 


FSR INPUT | y A 
} \ | le ——_»— c(CLK) 


FRAME SYNCHRONIZATION TIMING 


$$ TIMESLOT N 


CLK 1 2 3 4 5 6 7 8 
tsu(PCM IN) +P 
1—Pl  keth(PCM IN) 
BIT 1 BIT 2 BIT 3 BIT 4 BITS BIT 6 BIT 7 BIT8 
VALID VALID VALID VALID VALID VALID VALID VALID 
INPUT TIMING . 


FIGURE 4. RECEIVE TIMING (FIXED-DATA-RATE) 


NOTES: A. Inputs are driven from 0.45 V to 2.4 V. Time intervals are referenced to 2 V if the high level is indicated and 0.8 V if the 
low level is indicated. 
B. Bit 1 is the most significant bit (MSB) and is clocked in first on the PCM IN input or is clocked out first on the PCM OUT 
output. Bit 8 is the least significant bit (LSB) and is clocked in last on the PCM IN input or is clocked out last on the PCM OUT 
output. 
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FIGURE 6. RECEIVE TIMING (VARIABLE-DATA-RATE) 
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GENERAL OPERATION 


system reliability features 


The TCM129C18, TCM129C19, TCM29C18, and TCM29C19 are powered up in four steps: 
Vcc and Vpp supply voltages are applied. . 
All clocks are connected. 
TTL high is applied to PDN. 
FSX and/or FSR synchronization pulses are applied. 


On the transmit channel, digital outputs PCM OUT and TSX are held in high-impedance state for 
approximately four frames (500 us) after power up or application of Vgg or Vcc. After this delay, PCM OUT, 
TSX, and signaling are functional and will occur in the proper timeslot. The analog circuits on the transmit 
side require approximately 60 ms to reach their equilibrium value due to the autozero circuit settling time. 
Thus valid digital information, such as for on/off hook detection, is available almost immediately, while 
analog information is available after some delay. 


To further enhance system reliability, PCM OUT and TSX will be placed in a high-impedance state 
approximately 20 us after an interruption of CLKX. These interruptions could possibly occur with some 
kind of fault condition. 

power-down and standby operations 


To minimize power consumption, a power-down mode and three standby modes are provided. 


For power down, an external TTL low signal is applied to the PDN pin. It is not sufficient to remove the 
TTL high voltage to PDN. In the absence of a signal, the PDN pin floats to TTL high and the device remains 
active. In the power-down mode, the average power consumption is reduced to an average of 5 mW. 


The standby modes give the user the option of putting the entire device on standby, putting only the transmit 
channel on standby, or putting only the receive channel on standby. To place the entire device on standby, 
both FSX and FSR are held at TTL low. For transmit-only operation, FSX is high and FSR is held low. For 
receive-only operation, FSR is high and FSX is held low. See Table 1 for power down and standby 


procedures. 
— TABLE 1. POWER DOWN AND STANDBY PROCEDURES | 
aouies PROCEDURE ee DIGITAL OUTPUT STATUS 
STATUS CONSUMPTION 
PDN = TTL low TSX and PCM OUT are in a high-impedance state 
Entire device FSX and FSR : sar G , 
12 mW TSX and PCM OUT are in a high-impedance state 
on standby are TTL low — 
Only transmit FSX is TTL low 70 mW TSX and PCM OUT are placed in a high-impedance state 
on standby FSR is TTL high within 300 ms. 
Only receive FSR is TTL low 
; 110 mW 
on standby FSX is TTL high 
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fixed-data-rate timing (see Figure 3 and 4) 


Fixed-data-rate timing is selected by connecting DCLKR to Vpp. It uses master clock CLK, frame 
synchronizer clocks FSX and FSR, and output 1SX. FSX and FSR are 8-kHz inputs that set the sampling 
frequency. Data is transmitted on the PCM OUT pin on the first eight positive transitions of CLK following 
the rising edge of FSX. Data is received on the PCM IN pin on the first eight falling edges of CLK following 
FSX. A digital-to-analog (D/A) conversion is performed on the received digital word and the resulting analog 
sample is held on an internal sample-and-hold capacitor until transferred to the receive filter. 


The TCM129C18 and TCM29C18 operate at 2.048 MHz only. The TCM129C19 and TCM29C19 operate 
at 1.536 MHz only. 


variable data rate timing 


Varidble-data-rate timing is selected by connecting DCLKR to the bit clock for the receive PCM highway 
rather than to Vpp. It uses master clock CLK, bit clocks DCLKX and DCLKR, and frame synchronization 
clocks FSX and FSR. 


Variable-data-rate timing allows for a flexible data frequency. The frequency of the bit clocks can be varied 
from 64 kHz to 2.048 MHz. The bit clocks must be synchronous; however, the master clock is restricted 
to 2.048 MHz. 


While FSX/TSXE input is high, PCM data is transmitted from PCM OUT onto the highway on the next 
eight consecutive positive transitions of DCLKX. Similarly, while the FSR/TSRE input is high, the PCM 
word is received from the highway by PCM IN on the next eight consecutive negative transitions of DCLKR. 


The transmitted PCM word will be repeated in all remaining timeslots in the 125 us frame as long as DCLKX 
is pulsed and FSX is held high. This feature, which allows the PCM word to be transmitted to the PCM 
highway more than once per frame, if desired, is available only with variable-data-rate timing. 


asynchronous operation 


In either timing mode, the master clock, data clock, and timeslot strobe must be synchronized at the 
beginning of each frame. Specifically, in the variable-data-rate mode the rising edge of CLK must occur 
within td(FSX) ns before the rise of FSX, while the leading edge of DCLKX must occur within tTspx ns 
of the rise of FSX. CLK and DCLKX are synchronized once per frame but may be of different frequencies. 
The receive channel operates in a similar manner and is completely independent of the transmit timing 
(see variable data rate timing diagrams). 


transmit operation 
transmit filter 


The input section provides gain adjustment in the passband by means of an on-chip uncommitted operational 
amplifier. The load impedance to ground (ANLG GND) at the amplifier output (GSX) must be greater than 
10 kQ in parallel with less than 50 pF. The input signal on the ANLG IN pin can be either ac or dc coupled. 


A low-pass antialiasing section is included on the device. This section provides 35-dB attenuation at the 
sampling frequency. No external components are required to provide the necessary antialiasing function 
for the switched capacitor section of the transmit filter. 


The passband section provides flatness and stopband attenuation that fulfills the AT&T D3/D4 channel 
bank transmission specification and CCITT recommendation G.712. The device specifications meet or 
exceed digital class 5 central office switching systems requirements. 


A high-pass section configuration was chosen to reject low-frequency noise from 50- and 60-Hz power 
lines, 17-Hz European electric railroads, ringing frequencies and their harmonics, and other low-frequency 
noise. Even with the high rejection at these frequencies, the sharpness of the band edge gives low 
attenuation at 200 Hz. This feature allows the use of low-cost transformer hybrids without external 
components. 
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encoding 


The encoder internally samples the output of the transmit filter and holds each sample on an internal sample 
and hold capacitor. The encoder performs an analog-to-digita! conversion on a switched capacitor array. 
Digital data representing the sample is transmitted on the first eight data clock bits of the next frame. 


The autozero circuit corrects for dc offset on the input signal to the encoder. The autozero circuit uses 
the sign bit averaging technique. The sign bit from the encoder output is long-term averaged and subtracted 
from the input to the encoder. All dc offset is removed from the encoder input waveform. 


receive operation 


decoding 


The serial PCM word is received at the PCM IN pin on the first eight data clock bits of the frame. 
Digital-to-analog conversion is performed and the corresponding analog sample is held on an internal 
sample-and-hold capacitor. This sample is transferred to the receive filter. 


receive filter 


The receive section of the filter provides passband flatness and stopband rejection that fulfills both the 
AT&T D3/D4 specification and CCITT recommendation G.712. The filter contains the required compensation 
for the (sin x}/x response of such decoders. 


receive output power amplifiers 


A balanced output amplifier is provided to allow maximum flexibility in output configuration. Either of the 
two outputs can be used single-ended (i.e., referenced to ANLG GND) to drive single-ended loads. 
Alternatively, the differential output will directly drive a bridged load. The output stage is capable of driving 
loads as low as 300 ohms single-ended to a level of 12 dBm or 600 ohms differentially to a level of 15 dBm. 


Transmission levels are specified relative to the receive channel output under digital milliwatt conditions 
(i.e., when the digital input at PCM IN is the eight-code sequence specified in CCITT recommendation 
G.717). 


output gain 


F-44 


The devices are internally connected to set the PWRO+ and PWRO-— to O dBm. 
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PART 3 
DESCRIPTION 
NUMBER DRINs5 25} IN - 
TLC32040 | Analog Interface Circuit with internal MSTR CLK [16 24{) AUX IN + 


reference. Also a plug-in replacement 
for TLC32041. 
Analog Interface Circuit without internal 


Vpp 0)? 23L} AUX IN - 

REF [] 8 22{} OUT + 
DGTL GND {J 9 21] OUT — 
SHIFT CLK 20] Vcc + 


EODX 1)11 19] Vcc - 
13.14 15 16 
[52] 


TLC32041 


reference. 
Identical to TLC32040, but has a 
slightly wider bandpass filter bandwidth 


TLCE32042 


~ 
@ 


eaten entan 

description a E Io soo 

a oo 

The TLC32040, TLC32041, and TLC32042 are 5 Re 

complete analog-to-digital and digital-to-analog 5 z 2 
input/output systems, each on a single = 


monolithic CMOS chip. This device integrates a 

bandpass switched-capacitor antialiasing input NU — Nonusable; no external connection should be made to these 
filter, a 14-bit-resolution A/D converter, four ce 

microprocessor-compatible serial port modes, a 

14-bit-resolution D/A converter, and a low-pass 

switched-capacitor output-reconstruction filter. The device offers numerous combinations of Master Clock 
input frequencies and conversion/sampling rates, which can be changed via digital processor control. 


Typical applications for this IC include modems (7.2-, 8-, 9.6-, 14.4-, and 19.2-kHz sampling rate), analog 
interface for digital signal processors (DSPs), speech recognition/storage systems, industrial process control, 
biomedical instrumentation, acoustical signal processing, spectral analysis, data acquisition, and 
instrumentation recorders. Four serial modes, which allow direct interface to the TMS32011, TMS320C17, 
TMS32020, and TMS320C25 digital signal processors, are provided. Also, when the transmit and receive 
sections of the Analog Interface Circuit (AIC) are operating synchronously, it will interface to two SN74299 


Advanced LinCMOS™ is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA documents contain information 
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description (continued) 


serial-to-parallel shift registers. These serial-to-parallel shift registers can then interface in parallel to the 
TMS32010, TMS320C15, other digital signal processors, or external FIFO circuitry. Output data pulses 
are emitted to inform the processor that data transmission is complete or to allow the DSP to differentiate 
between two transmitted bytes. A flexible control scheme is provided so that the functions of the IC can 
be selected and adjusted coincidentally with signal processing via software control. 


The antialiasing input filter comprises seventh-order and fourth-order CC-type (Chebyshev/elliptic 
transitional) low-pass and high-pass filters, respectively, and a fourth-order equalizer. The input filter is 
implemented in switched-capacitor technology and is preceded by a continuous time filter to eliminate 
any possibility of aliasing caused by sampled data filtering. When no filtering is desired, the entire composite 
filter can be switched out of the signal path. A selectable, auxiliary, differential analog input is provided 
for applications where more than one analog input is required. 


The A/D and D/A converters each have 14 bits of resolution. The A/D and D/A architectures ensure no 
missing codes and monotonic operation. An internal voltage reference is provided on the TLC32040 and 
TLC32042 to ease the design task and to provide complete control over the performance of the IC. The 
internal voltage reference is brought out to a pin and is available to the designer. Separate analog and 
digital voltage supplies and grounds are provided to minimize noise and ensure a wide dynamic range. 
Also, the analog circuit path contains only differential circuitry to keep noise to an absolute minimum. 
The only exception is the DAC sample-and-hold, which utilizes pseudo-differential circuitry. 


The output-reconstruction filter is a seventh-order CC-type (Chebyshev/elliptic transitional low-pass filter 
with a fourth-order equalizer) and is implemented in switched-capacitor technology. This filter is followed 
by a continuous-time filter to eliminate images of the digitally encoded signal. 


The TLC32040I, TLC320411, and TLC320421 are characterized for operation from — 40°C to 85°C, and 
the TLC32040C, TLC32041C, and TLC32042C are characterized for operation from O°C to 70°C. 


functional block diagram 


BANDPASS FILTER 
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Vcoc+ Vcc- ANLG DTGL Vpp REF RESET . 
GND GND (DIG) 


46 TEXAS 4 
e INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TLC320401, TLC32040C, TLC320411, TLC32041C, 
TLO320421, TLC32042C 
ANALOG INTERFACE CIRCUITS 


i NK A a A Lie Sn eS ee Enea ee ene ee 


PRINCIPLES OF OPERATION 


analog input 


Two sets of analog inputs are provided. Normally, the IN+ and IN — input set is used; however, the auxiliary 
input set, AUX IN + and AUX IN —, can be used if a second input is required. Each input set can be operated 
in either differential or single-ended modes, since sufficient common-mode range and rejection are provided. 
The gain for the IN+, IN—, AUX IN+, and AUX IN— inputs can be programmed to be either 1, 2, or 4 
(see Table 2). Either input circuit can be selected via software control. It is important to note that a wide 
dynamic range is assured by the differential internal analog architecture and by the separate analog and 
digital voltage supplies and grounds. 


A/D bandpass filter, A/D bandpass filter clocking, and A/D conversion timing 


The A/D bandpass filter can be selected or bypassed via software control. The frequency response of this 
filter is presented in the following pages. This response results when the switched-capacitor filter clock 
frequency is 288 kHz. Several possible options can be used to attain a 288-kHz switched-capacitor filter 
clock. When the filter clock frequency is not 288 kHz, the filter transfer function is frequency-scaled by 
the ratio of the actual clock frequency to 288 kHz. The low-frequency roll-off of the high-pass section 
is 300 Hz. However, the high-pass section low-frequency roll-off is less steep for the TLC32042 than for 
the TLC32040 and TLC32041. 


The Internal Timing Configuration and AlC DX Data Word Format sections of this data sheet indicate the 
many options for attaining a 288-kHz bandpass switched-capacitor filter clock. These sections indicate 
that the RX Counter A can be programmed to give a 288-kHz bandpass switched-capacitor filter clock 
for several Master Clock input frequencies. 


The A/D conversion rate is then attained by frequency-dividing the 288-kHz bandpass switched-capacitor 
filter clock with the RX Counter B. Thus, unwanted aliasing is prevented because the A/D conversion rate 
is an integral submultiple of the bandpass switched-capacitor filter sampling rate, and the two rates are 
synchronously locked. : 


A/D converter performance specifications 


Fundamental performance specifications for the A/D converter circuitry are presented in the A/D converter 
operating characteristics section of this data sheet. The realization of the A/D converter circuitry with 
switched-capacitor techniques provides an inherent sample-and-hold. 


analog output 


The analog output circuitry is an analog output power amplifier. Both noninverting and inverting amplifier 
outputs are brought out of the IC. This amplifier can drive transformer hybrids or low-impedance loads 
directly in either a differential or single-ended configuration. 


D/A low-pass filter, D/A low-pass filter clocking, and D/A conversion timing 


The frequency response of this filter is presented in the following pages. This response results when the 
low-pass switched-capacitor filter clock frequency is 288 kHz. Like the A/D filter, the transfer function 
of this filter is frequency-scaled when the clock frequency. is not 288 kHz. A continuous-time filter is provided 
on the output of the D/A low-pass filter to greatly attenuate any switched-capacitor clock feedthrough. 


The D/A conversion rate is then attained by frequency-dividing the 288-kHz switched-capacitor filter clock 
with TX Counter B. Thus, unwanted aliasing is prevented because the D/A conversion rate is an integral 
submultiple of the switched-capacitor low-pass filter sampling rate, and the two rates are synchronously 
locked. 
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PRINCIPLES OF OPERATION (continued) 


asynchronous versus synchronous operation 


If the transmit section of the AIC (low-pass filter and DAC) and receive section (bandpass filter and ADC) 
are Operated asynchronously, the low-pass and band-pass filter clocks are independently generated from 
the Master Clock signal. Also, the D/A and A/D conversion rates are independently determined. If the 
transmit and receive sections are operated synchronously, the low-pass filter clock drives both low-pass 
and bandpass filters. In synchronous operation, the A/D conversion timing is derived from, and is equal 
to, the D/A conversion timing. (See description of the WORD/BYTE pin in the Pin Functional Description 
Section.) 


D/A converter performance specifications 


Fundamental performance specifications for the D/A converter circuitry are presented in the D/A converter 
operating characteristics section of the data sheet. The D/A converter has a sample-and-hold that is realized 
with a switched-capacitor ladder. 


system frequency response correction 


Sin x/x correction circuitry is performed in digital signal processor software. The system frequency response 
can be corrected via DSP software to +0.1 dB accuracy to a band-edge of 3000 Hz for all sampling rates. 
This correction is accomplished with a first-order digital correction filter, which requires only seven TMS320. 
instruction cycles. With a 200-ns instruction cycle, seven instructions represent an overhead factor of 
only 1.1% and 1.3% for sampling rates of 8 and 9.6 kHz, respectively (see the sin x/x Correction Section 
for more details). 


serial port 


The serial port has four possible modes that are described in detail in the Functional Pin Description Section. 
These modes are briefly described below and in the Functional Description for Pin 13, WORD/BYTE. 


1. The transmit and receive sections are operated asynchronously, and the serial eer interfaces 
directly with the TMS32011 and TMS320C17. 


2. The transmit and receive sections are operated asynchronously, and the serial port interfaces 
directly with the TMS32020 and the TMS320C25. 


3. The transmit and receive sections are operated synchronously, and the serial port interfaces directly 
with the TMS32011 and TMS320C17. | 


4. The transmit and receive sections are operated synchronously, and the serial port interfaces directly 
with the TMS32020, TMS320C25, or two SN74299 serial-to-parallel shift registers, which can 
then interface in parallel to the EMSe OT’: TMS320C15, to any other digital signal processor, 
or to external FIFO circuitry. 


testing 


An addendum accompanying this data sheet fully describes the test capabilities of the IC, provided by 
the design. 


operation of TLC32040 or TLC32042 with internal voltage reference 


The internal reference of the TLC32040 and TLC32042 eliminates the need for an external voltage reference 
and provides overall circuit cost reduction. Thus, the internal reference eases the design task and provides 
complete control over the performance of the IC. The internal reference is brought out to a pin and is available 
to the designer. To keep the amount of noise on the reference signal to a minimum, an external capacitor 
may be connected between REF and ANLG GND. 
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PRINCIPLES OF OPERATION (continued) 


operation of TLC32040, TLC32041, or TLC32042 with external voltage reference 


The REF pin may be driven from an external reference circuit if so desired. This external circuit must be 


capable of supplying 250 nA and must be adequately protected from noise such as crosstalk from the 
analog input. 


reset 


A reset function is provided to initiate serial communications between the AIC and DSP and to allow fast, 
cost-effective testing during manufacturing. The reset function will initialize all AIC registers, including 
the control register. After a negative-going pulse on the RESET pin, the AIC will be initialized. This 
initialization allows normal serial port communications activity to occur between AIC and DSP (see AIC DX 
Data Word Format section). 


loopback 


This feature allows the user to test the circuit remotely. In loopback, the OUT + and OUT — pins are internally 
connected to the IN+ and IN— pins. Thus, the DAC bits (d15 to d2), which are transmitted to the DX 
pin, can be compared with the ADC bits (d15 to d2), which are received from the DR pin. An ideal comparison 
would be that the bits on the DR pin equal the bits on the DX pin. However, in practice there will be some 
difference in these bits due to the ADC and DAC output offsets. 


In loopback, if the IN+ and IN -— pins are enabled, the external signals on the IN+ and IN-— pins are ignored. 
If the AUX IN+ and AUX IN — pins are enabled, the external signals on these pins are added to the OUT + 
and OUT — signals in loopback operation. 


The loopback feature is implemented with digital signal processor control by transmitting the appropriate 
serial port bit to the control register (see AIC Data Word Format section). 


DESCRIPTION 


path via software control. If the appropriate bit in the Control register is a 1, the auxiliary inputs will replace 
the IN+ and IN-— inputs. If the bit is a0, the IN+ and IN— inputs will be used (see the AIC DX Data Word 
Format section). 


inverting auxiliary analog input (see the above AUX IN + pin description). 
Digital ground for all internal logic circuits. Not internally connected to ANLG GND. 


This pin is used to transmit the ADC output bits from the AIC to the TMS320 serial port. This transmission 
of bits from the AIC to the TMS320 serial port is synchronized with the SHIFT CLK signal. 

This pin is used to receive the DAC input bits and timing and control information from the TMS320. This serial 
transmission from the TMS320 serial port to the AIC is synchronized with the SHIFT CLK signal. 


(See the WORD/BYTE pin description and the Serial Port Timing Diagram.) During the word-mode 
timing, this signal is a low-going pulse that occurs immediately after the 16 bits of A/D information have been 


transmitted from the AIC to the TMS320 serial port. This signal can be used to interrupt a microprocessor 
upon completion of serial communications. Also, this signal can be used to strobe and enable external serial- 
to-parallel shift registers, latches, or external FIFO RAM, and to facilitate parallel data bus communications 
between the AIC and the serial-to-parallel shift registers. During the byte-mode timing, this signal goes low 
after the first byte has been transmitted from the AIC to the TMS320 serial port and is kept low until the 
second byte has been transmitted. The TMS32011 or TMS320C17 can use this low-going signal to differentiate 
between the two bytes as to which is first and which is second. 
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PIN . 
Le) DESCRIPTION 
NAME NO. 


DX 11 
4 


EODX (See the WORD/BYTE pin description and the Serial Port Timing Diagram.) During the word-mode 
timing, this signal is a low-going pulse that occurs immediately after the 16 bits of D/A converter and control 
or register information have been transmitted from the TMS320 serial port to the AIC. This signal can be used 
to interrupt a microprocessor upon the completion of serial communications. Also, this signal can be used 
to strobe and enable external serial-to-parallel shift registers, latches, or an external FIFO RAM, and to facilitate 
parallel data-bus communications between the AIC and the serial-to-parallel shift registers. During the byte- 
mode timing, this signal goes low after the first byte has been transmitted from the TMS320 serial port to 
the AIC and is kept low until the second byte has been transmitted. The TMS32011 or TMS320C17 can use 
this low-going signal to differentiate between the two bytes as to which is first and which is second. 


waa 
14 
Diagrams). 


LIN + 26 Lt | Noninverting input to analog input amplifier stage | 
25 [1 


In the serial transmission modes, which are described in the WORD/BYTE pin description, the FSR pin is held 
low during bit transmission. When the FSR pin goes low, the TMS320 serial port will begin receiving bits from 
the AIC via the DR pin of the AIC. The most significant DR bit will be present on the DR pin before FSR goes 
low. (See Serial Port Timing and Internal Timing Configuration Diagrams.) 


x< 


When this pin goes low, the TMS320 serial port will begin transmitting bits to the AIC via the 
DX pin of the AIC. In all serial transmission modes, which are described in the WORD/BYTE pin description, 


the FSX pin is held low during bit transmission (see Serial Port Timing and Internal Timing Configuration 


Inverting input to analog input amplifier stage 


|MSTR CLK 6 The Master Clock signal is used to derive all the key logic signals of the AIC, such as the Shift Clock, the 
switched-capacitor filter clocks, and the A/D and D/A timing signals. The Internal Timing Configuration diagram 
shows how these key signals are derived. The frequencies of these key signals are synchronous submultiples 
of the Master Clock frequency to eliminate unwanted aliasing when the sampled analog signals are transferred 


between the switched-capacitor filters and the A/D and D/A converters (see the Internal Timing Configuration). 


Noninverting output of analog cutput power amplifier. Can drive transformer hybrids or high-impedance loads 


directly in either a differential or a single-ended configuration. 


Inverting output of analog output power amplifier. Functionally identical with and complementary to OUT +. 


For the TLC32040 and TLC32042, the internal voitage reference is brought out on this pin. For the TLC32040, 
TLC32041, and TLC32042, an external voltage reference can be applied to this pin. 


A reset function is provided to initialize the TA, TA’, TB, RA, RA’, RB, and control registers. This 
reset function initiates serial communications between the AIC and DSP. The reset function will initialize ail 
AIC registers including the control register. After a negative-going pulse on the RESET 
pin, the AIC registers will be initialized to provide an 8-kHz data conversion rate for a 5.184-MHz master clock 
input signal. The conversion rate adjust registers, TA’ and RA’, will be reset to 1. The CONTROL register bits 
will be reset as follows (see AIC DX Data Word Format section). 


1,d6 = 1,d5 = 1, d4 = 0, d3 = 0, d2 


This initialization allows normal serial-port communication to occur between AIC and DSP. 


SHIFT CLK 10 The Shift Clock signal is obtained by dividing the Master Clock signal frequency by four. This signal is used 
to clock the serial data transfers of the AIC, described in the WORD/BYTE pin description 


below (see the Serial Port Timing and Internal Timing Configuration diagram). 


VoD 7 Digital supply voltage, 5 V +5% 
Vcc+ 20 Positive analog supply voltage, 5 V +5% 
Vcc - 19 Negative analog supply voltage —5 V +5% 
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WORD/BYTE 13 This pin, in conjunction with a bit in the CONTROL register, is used to establish one of four serial 
modes. These four serial modes are described below. 


AIC transmit and receive sections are operated asynchronously. 

The following description applies when the AIC is configured to have asynchronous transmit and receive sections. 
If the appropriate data bit in the Control register is a O (see the AIC DX Data Word Format), the transmit and 
receive sections will be asynchronous. . 

L Serial port directly interfaces with the serial port of the TMS32011 or TMS320C17 and communicates 

in two 8-bit bytes. The operation sequence is as follows (see Serial Port Timing diagrams). 

The FSX or FSR pin is brought low. . 
One 8-bit byte is transmitted or one 8-bit byte is received. 
The EODX or EODR pin is brought low. 
The FSX or FSR pin emits a positive frame-sync pulse that is 
four Shift Clock cycles wide. 

5. One 8-bit byte is transmitted or one 8-bit byte is received. 

6. The EODX or EODR pin is brought high. 

7. The FSX or FSR pin is brought high. 

H Serial port directly interfaces with the serial port of the TMS32020, TMS320C25, or TMS320C30 
and communicates in one 16-bit word. The operation sequence is as follows (see Serial Port Timing 
diagrams): 

1. The FSX or FSR pin is brought low. 

2. One 16-bit word is transmitted or one 16-bit word is received. 

3. The FSX or FSR pin is brought high. 

4. The EODX or EODR pin emits a low-going pulse. 
AIC transmit and receive sections are operated synchronously. 
if the appropriate data bit in the Control register is a 1, the transmit and receive sections will be configured 
to be synchronous. In this case, the bandpass switched-capacitor filter and the A/D conversion timing will 
be derived from the TX Counter A, TX Counter B, and TA, TA’, and TB registers, rather than the RX Counter 
1A, RX Counter B, and RA, RA’, and RB registers. in this case, the AIC FSX and FSR timing will be identical 
during primary data communication; however, FSR will not be asserted during secondary data communication 
since there is no new A/D conversion result. The synchronous operation sequences are as follows (see Serial 
Port Timing diagrams). 

L Serial port directly interfaces with the serial port of the TMS32011 or TMS320C17 and communicates 

in two 8-bit bytes. The operation sequence is as follows (see Serial Port Timing diagrams): 

1. The FSX and FSR pins are brought low. 

2. One 8-bit byte is transmitted and one 8-bit byte is received. 

3. The EODX and EODR pins are brought low. 

4. The FSX and FSR pins emit positive frame-sync pulses that are 

four Shift Clock cycles wide. 

5. One 8-bit byte is transmitted and one 8-bit byte is received. 

6. The EODX and EODR pins are brought high. 

7. The FSX and FSR pins are brought high. 

H Serial port directly interfaces with the serial port of the TMS32020, TMS320C25, or TMS320C30 
and communicates in one 16-bit word. The operation sequence is as follows (see Serial Port Timing 
diagrams): 

1. The FSX and FSR pins are brought low. 

2. One 16-bit word is transmitted and one 16-bit word is received. 

3. The FSX and FSR pins are brought high. 

4. The EODX or EODR pins emit low-going pulses. 
Since the transmit and receive sections of the AIC are now synchronous, the AIC serial port, with additional 
NOR and AND gates, will interface to two SN74299 serial-to-parallel shift registers. Interfacing the AIC to 
the SN74299 shift register allows the AIC to interface to an external FIFO RAM and facilitates parallel, data 
bus communications between the AIC and the digital signal processor. The operation sequence is the same 
as the above sequence (see Serial Port Timing diagrams). 


oS 
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NOTE: Frequency 1, 20.736 MHz, is used to show how 153.6 kHz (for a commercially available modem split-band filter clock), popular 
speech and modem sampling signal frequencies, and an internal 288-kHz switched-capacitor filter clock can be derived synchronously 
and as submultiples of the crystal oscillator frequency. Since these derived frequencies are synchronous submultiples of the crystal 
frequency, aliasing does not occur as the sampled analog signal passes between the analog converter and switched-capacitor filter 


MASTER CLOCK 
5.184 MHz (1) 
10.368 MHz (2) 


20.736 MHz (1) 


41.472 MHz (2) 
XTAL TMS320 
OSC DSP 


OPTIONAL EXTERNAL CIRCUITRY 
FOR FULL- DUPLEX MODEMS 


153.6 kHz 
pivioe [LOCK (1) COMMERCIAL 
BY 135 EXTERNAL 
FRONT-END 
FULL-DUPLEX 
SPLIT-BAND 


FILTERS? 


INTERNAL TIMING CONFIGURATION 


SCF Clock Frequency = 


Ge ae ere ye ee SHIFT CLOCK 
‘ 1.296 MHz (1) 
tga ae ee a, os ees eed 2.592 MHz (2) 
—---—----------------7 
TA REGISTER | | [A REGISTER 
(5 BITS) (eats) 
(2's COMPL) 
LOW-PASS 
SWITCHED 
ADDER! CAP FILTER 
SUBTRACTOR CLK = 288 kHz 
(6 BITS) SQUARE WAVE 


TB REGISTER 
(6 BITS) 


dg.dy=1,1% Y do,d4 = 1,0? 
TX COUNTER B 
TB =40; 7.2 kHz D/A 


TX COUNTER A 
TB=36; 8.0 kHz CONVERSION 


[TA = 9 (1)] 
[TA = 18 (2)] TB=30; 9.6 kHz FREQUENCY 
| ene 576-kHz  . | TB=20; 14.4 kHz 
PULSES TB= 15; 19.2 kHz 
RA’ REGISTER 
bie lyre (6 BITS) 
ets) (2's COMPL) 
| BANDPASS 
| SWITCHED 
ADDER/ DIVIDE BY 2 CAP FILTER 
| SUBTRACTOR : | CLK = 288 kHz 
(6 BITS) SQUARE WAVE 
| RB REGISTER 
| (6 BITS) 
| 4 
dgo.d4 =0.,0 do.d1=0,1 
= t o =10t 
foste ee as RX COUNTER B 
| RX COUNTER A cee Me nie AID 
| (RA = 9(1)) sees0. 6 Gis CONVERSION 
(RA = 18 (2)] es FREQUENCY 
| eens: 576-kHz RB= 20; 14.4 kHz 
PULSES RB= 15; 19.2 kHz 


Pe a a a ee ee 


Master Clock Frequency 
2 x Contents of Counter A 


stages. Frequency. 2, 41.472 MHz, is used to show that the AIC can work with high-frequency signals, which are used by high- 


speed digital signal processors. 


tSplit-band filtering can alternatively be performed after the analog input function via software in the TMS320. 
+These control bits are described in the AIC DX Data Word Format section. 
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mci 
explanation of internal timing configuration 


All of the internal timing of the AIC is derived from the high-frequency clock signal that drives the Master 
Clock input pin. The Shift Clock signal, which strobes the serial port data between the AIC and DSP, is 
derived by dividing the Master Clock input signal frequency by four. 


Master Clock Frequency 
2 x Contents of Counter A 


SCF Clock Frequency 


SCF Clock Frequency 
Contents of Counter B 


Conversion Frequency 


Master Clock Frequency 
4 


Shift Clock Frequency 


TX Counter A and TX Counter B, which are driven by the Master Clock signal, determine the D/A conversion 
timing. Similarly, RX Counter A and RX Counter B determine the A/D conversion timing. In order for the 
switched-capacitor low-pass and bandpass filters to meet their transfer function specifications, the 
frequency of the clock inputs of the switched-capacitor filters must be 288 kHz. If the frequencies of the 
clock inputs are not 288 kHz, the filter transfer function frequencies are scaled by the ratios of the clock 
frequencies to 288 kHz. Thus, to obtain the specified filter responses, the combination of Master Clock 
frequency and TX Counter A and RX Counter A values must yield 288-kHz switched-capacitor clock signals. 
These 288-kHz clock signals can then be divided by the TX Counter B and RX Counter B to establish the 
D/A and A/D conversion timings. 


TX Counter A and TX Counter B are reloaded every D/A conversion period, while RX Counter A and RX 
Counter B are reloaded every A/D conversion period. The TX Counter B and RX Counter B are loaded with 
the values in the TB and RB Registers, respectively. Via software control, the TX Counter A can be loaded 
with either the TA Register, the TA Register less the TA’ Register, or the TA Register plus the TA’ Register. 
By selecting the TA Register less the TA’ Register option, the upcoming conversion timing will occur earlier 
by an amount of time that equals TA’ times the signal period of the Master Clock. By selecting the TA 
Register plus the TA’ Register option, the upcoming conversion timing will occur later by an amount of 
time that equals TA’ times the signal period of the Master Clock. Thus, the D/A conversion timing can 
be advanced or retarded. An identical ability to alter the A/D conversion timing is provided. In this case, 
however, the RX Counter A can be programmed via software control with the RA Register, the RA Register 
less the RA’ Register, or the RA Register plus the RA’ Register. 


The ability to advance or retard conversion timing is particularly useful for modem applications. This feature 
allows controlled changes in the A/D and D/A conversion timing. This feature can be used to enhance 
signal-to-noise performance, to perform frequency-tracking functions, and to generate nonstandard modem 
frequencies. 


lf the transmit and receive sections are configured to be synchronous (see WORD/BYTE pin description), 
then both the low-pass and bandpass switched-capacitor filter clocks are derived from TX Counter A. Also, 
both the D/A and A/D conversion timing are derived from the TX Counter A and TX Counter B. When the 
transmit and receive sections are configured to be synchronous, the RX Counter A, RX Counter B, RA 
Register, RA’ Register, and RB Registers are not used. 
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AIC DR or DX word bit pattern. 


A/D or D/A MSB, 
1st bit sent 1st bit sent of 2nd byte A/D or D/A LSB 


[bis] 014] 673] O12] OF] vO] a] vay o7 | bs] os] oa [ Os [ O72] OT] DO, 


AIC DX data word format section 


[415 ]414]413/412[ 411/410] 49 [48]a7|d6 as [4a [a2 [a1] ao COMMENTS 
primary DX serial communication protocol 
< d15 (MSB) through d2 go to the D/A The TX and RX Counter A's are loaded with the TA.and RA register 
converter register values. The TX and RX Counter B’s are loaded with TB and RB 
register values. 
< d15 (MSB) through d2 go to the D/A The TX and RX Counter A’s are loaded with the TA+TA’ and 
converter register RA + RA‘ register values. The TX and RX Counter B's are loaded 
with the TB and RB register values. NOTE: d1 =O, dO = 1 will cause 
the next D/A and A/D conversion periods to be changed by the 
addition of TA’ and RA’ Master Clock cycles, in which TA’ and 
RA’ can be positive or negative or zero. Please refer to 
Table 1. AIC Responses to Improper Conditions. 
«< d15 (MSB) through d2 go'to the D/A The TX and RX Counter A’s are loaded with the TA—TA’ and 
converter register RA-— RA‘ register values. The TX and RX Counter B’s are loaded 
. with the TB and RB register values. NOTE: d1 = 1, dO =O will cause 
the next D/A and A/D conversion periods to be changed by the 
‘subtraction of TA’ and RA’ Master Clock cycles, in which TA‘ and 
RA’ can be positive or negative or zero. Please refer to 
Table 1. AIC Responses to Improper Conditions. 
< d15 (MSB) through d2 go to the D/A The TX and RX Counter A’‘s are loaded with the TA and RA register 
converter register - values. The TX and RX Counter B’s are loaded with the TB and 
RB register values. After a delay of four Shift Clock cycles, a 
secondary transmission will immediately follow to program the AIC 


to operate in the desired configuration. 


NOTE: Setting the two least significant bits to 1 in the normal transmission of DAC information (Primary Communications) to the AIC 
will initiate Secondary Communications upon completion of the Primary Communications. 


Upon completion of the Primary Communication, FSX will.remain high for four SHIFT CLOCK cycles and will then go low and initiate 
the Secondary Communication. The timing specifications for the Primary and Secondary Communications are identical. In this manner, 
the Secondary Communication, if initiated, is interleaved between successive Primary Communications. This interleaving prevents 
the Secondary Communication from interfering with the Primary Communications and DAC timing, thus preventing the AIC from 
skipping a DAC output. It is important to note that in the synchronous mode, FSR will not be asserted during Secondary 
Communications. 


S24 | Texas wy 
INSTRUMENTS 


POST OFFICE BOX 655012 * DALLAS, TEXAS 75265 


TLE320401, TLE32040C, TLC320411, TLC32041C, 
TLCO320421, TLC32042C 
ANALOG INTERFACE CIRCUITS 


secondary DX serial communication protocol 


x x | & to TA register >| x x| < to RA register > | 0 O | d13 and d6 are MSBs (unsigned binary) 


x | to TA’ register |x | < to RA’ register > | 0 1 | d14 and d7 are 2’s complement sign bits 
x| << to TB register —|x |< to RB register — | 1 0 | d14 and d7 are MSBs (unsigned binary) 
d7d6 d5 d4 d3 d2 


CONTROL = 0/1 deletes/inserts the bandpass filter 


REGISTER O/1 disables/enables the loopback function 
0/1 disables/enables the AUX IN+ and AUX IN-— pins 
0/1 asynchronous/synchronous transmit and receive sections 
0/1 gain control bits (see Gain Control Section) 


0/1 gain control bits (see Gain Control Section) 


reset function 


A reset function is provided to initiate serial communications between the AIC and DSP. The reset function 
will initialize all AIC registers, including the control register. After power has been applied to the AIC, a 
negative-going pulse on the RESET pin will initialize the AIC registers to provide an 8-kHz A/D and 
D/A conversion rate for a 5.184 MHz master clock input signal. The AIC, excepting the CONTROL register, 
will be initialized as follows (see AIC DX Data Word Format section): 


INITIALIZED 
REGISTER 
‘ REGISTER VALUE (HEX) 

TA 

TA’ 1 
TB 24 
RA 9 
RA’ 1 
RB 24 


The CONTROL register bits will be reset as follows (see AIC DX Data Word Format section): 
d7 = 1, d6 = 1, d5 = 1, d4 = O, d3 = O, d2 = 1 


This initialization allows normal serial port communications to occur between AIC and DSP. If the transmit 
and receive sections are configured to operate synchronously and the user wishes to program different 
conversion rates, only the TA, TA’, and TB register need to be programmed, since both transmit and receive . 
timing are synchronously derived from these registers (see the Pin Descriptions and AIC DX Word Format 
sections). . 


The circuit shown below will provide a reset on power-up when power is applied in the sequence given 
under Power-Up Sequence. The circuit depends on the power supplies’ reaching their recommended values 
a minimum of 800 ns before the capacitor charges to 0.8 V above DGTL GND. 


TLC32040/ 
TLC32041/ 
TLCO32042 


+5 V 
200 kQ? 
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power-up sequence 


_ To ensure proper operation of the AIC, and as a safeguard against latch-up, it is recommmended that a 
Schottky diode with a forward voltage less than or equal to 0.4 V be connected from Vcc — to ANLG 
GND (see Figure 17). In the absence of such a diode, power should be applied in the following sequence: 
ANLG GND and DGTL GND, Vcc —, then Vcc + and Vpp. Also, no input signal should be applied until 
after power-up. 


AIC responses to improper conditions 


The AIC has provisions for responding to improper conditions. These improper conditions and the response 
of the AIC to these conditions are presented in Table 1 below. 


AIC register constraints 
The following constraints are placed on the contents of the AIC registers: 


.TA register must be > 1. 

. TA’ register can be either positive, negative, or zero. 
. RA register must be > 1. 

. RA’ register can be either positive, negative, or zero. 
.(TA register + TA’ register) must be > 1. 

. (RA register + RA’ register) must be > 1. 

. TB register must be > 1. 


NOOO f WH — 


TABLE 1. AIC RESPONSES TO IMPROPER CONDITIONS 


IMPROPER CONDITION AiC RESPONSE 


TA register + TA’ register = O or 1 Reprogram TX Counter A with TA register value 
TA register — TA’ register = Or 1 


TA register + TA’ register < O MODULO 64 arithmetic is used to ensure that a positive value is loaded into the TX Counter A, 
| . i.e., TA register + TA’ register + 40 HEX is loaded into TX Counter A 


RA register + RA’ register = O or 1 Reprogram RX Counter A with RA register value 
RA register + RA’ register = O or 1 MODULO 64 arithmetic is used to ensure that a positive value is loaded into RX Counter A, 
i.e., RA register + RA’ register + 40 HEX is loaded into RX Counter A 


TA register = Or 1 AIC is shut down © . 
RA register = O or 1 
TB register = Oor 1 Reprogram TB register with 24 HEX 


RB register O or 1 -| Reprogram RB register with 24 HEX 
AIC and DSP cannot communicate Hold last DAC output 


improper operation due to conversion times being too close together 


If the difference between two successive D/A conversion frame syncs is less that 1/19.2 kHz, the AIC 
operates improperly. In this situation, the second D/A conversion frame sync occurs too quickly and there 
is Not enough time for the ongoing conversion to be completed. This situation can occur if the A and B 
registers are improperly programmed or if the A + A’register or A-— A’ register result is too small. When 
incrementally adjusting the conversion period via the A + A’ register options, the designer should be very 
careful not to violate this requirement (see diagram below). 


t1 t2 
FRAME 
SYNC 
FSX 


_ \¢— ONGOING CONVERSION —DI 


t2 — t1 2 1/19.2 kHz 
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asynchronous operation — more than one receive frame sync occurring between two transmit frame 
syncs 


When incrementally adjusting the conversion period viathe A + A’orA — A’ register options, a specific 
protocol is followed. The command to use the incremental conversion period adjust option is sent to the 
AIC during a FSX frame sync. The ongoing conversion period is then adjusted. However, either Receive 
Conversion Period A or B may be adjusted. For both transmit and receive conversion periods, the incremental 
conversion period adjustment is performed near the end of the conversion period. Therefore, if there is 
sufficient time between t1 and t2, the receive conversion period adjustment will be performed during Receive 
Conversion Period A. Otherwise, the adjustment will be performed during Receive Conversion Period B. 
The adjustment command only adjusts one transmit Conversion period and one receive conversion period. 
To adjust another pair of transmit and receive conversion periods, another command must be issued during 
a subsequent FSX frame (see figure below). 


ty 


FSX | | | | 


| ' 
'‘——_—__ TRANSMIT CONVERSION PERIOD ——__—_—_—_—_—_—_ >| 
t2 ; 


\@— RECEIVE CONV. —Bi¢— RECEIVE CONV. —>4 
PERIOD A PERIOD B 


asynchronous operation — more than one transmit frame sync occurring between two receive frame 
syncs 


When incrementally adjusting the conversion period via the A + A’orA — A‘ register options, a specific 
protocol is followed. For both transmit and receive conversion periods, the incremental conversion pe”iod 
adjustment is performed near the end of the conversion period. The command to use the incremental 
conversion period adjust options is sent to the AIC during a FSX frame sync. The ongoing transmit conversion 
period is then adjusted. However, three possibilities exist for the receive conversion period adjustment 
in the diagram as shown in the figure below. If the adjustment command is issued during Transmit 
Conversion Period A, Receive Conversion Period A will be adjusted if there is sufficient time between t1 
and t2. Or, if there is not sufficient time between t1 and t2, Receive Conversion Period B will be adjusted. 
Or, the receive portion of an adjustment command may be ignored if the adjustment command is sent 
during a receive conversion period, which is already being or will be adjusted due to a prior adjustment 
command. For example, if adjustment commands are issued during Transmit Conversion Periods A, B, 
and C, the first two commands may cause Receive Conversion Periods A and B to be adjusted, while the 
third receive adjustment command is ignored. The third adjustment command is ignored since it was issued 
during Receive Conversion Period B, which already will be adjusted via the Transmit Conversion Period B 
adjustment command. | 


4 


| l | | 
}@- TRANSMIT CONV. -BI@— TRANSMIT CONV.-34@ TRANSMIT CONV. 
PERIOD A _ PERIOD B PERIOD C 


t2 


rn | | | | | | 


| | | 
}\¢———— RECEIVE CONVERSION PERIOD A————oi RECEIVE CONVERSION PERIOD B————_- 
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asynchronous operation — more than one set of primary and secondary DX serial communication 
occurring between two receive frame sync (see AIC DX Data Word Format section) 


The TA, TA’, TB, and control register information that is transmitted in the secondary communications 
is always accepted and is applied during the ongoing transmit conversion period. If there is sufficient time 
between t1 and t2, the TA, RA’, and RB register information, which is sent during Transmit Conversion 
Period A, will be applied to Receive Conversion Period A. Otherwise, this information will be applied during 
Receive Conversion Period B. If RA, RA’, and RB register information has already been received and is 
being applied during an ongoing conversion period, any subsequent RA, RA’, or RB information that is 
received during this receive conversion period will be disregarded (see diagram below). 


ty 

PRIMARY SECONDARY PRIMARY SECONDARY PRIMARY SECONDARY 
FSX 

| TRANSMIT | TRANSMIT | TRANSMIT | | 

k¢———_——— CONVERSION} CON VERSION 9} CONVERSION —~——_—_> 

PERIOD A PERIOD B PERIOD C 
t2 

FSR 


| | 
RECEIVE CONVERSION 
+— SHICHI > RECEIVE CONVERSION PERIOD 3——_-_—__>| 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, VCC + (see Note 1)....... 0.0.0.0 0. cc ee eee -O0.3Vto 15V 
Supply voltage, VDD ...........--.0.0. ek Saat sara Sie fa tesa ap tea, See nde Hee ahha as sche nes a sae -0.3Vto 15 V 
Output voltage; VO: 4. nti het Be ee ont ee el eee oe -0.3Vto 15V 
INDUE VOITEGGs WI nae ees eG bn he wore See, & pales een ine eh Sede eles Stine he ee wo... -O.3VtO 15 V 
Digital Ground Voltage’ ssi.-¢4.0 2 oo ate se Ewe ee ke Saal OS BS See fw BO A Os -O0.3Vto 15 V 
Operating free-air temperature range: TLC32040I, TLC320411, TLC320421 ...... —- 40°C to 85°C 

TLC32040C, TLC32041C, TLC32042C....... 0°C to 70°C 
Storage temperature range ......... OT eee te ee AE eee eee E IT OR ee —65°C to 150°C 
Case temperature for 10 seconds: FN package............. 0... 0. eee es 260 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C 


NOTE 1: Voltage values for maximum ratings are with respect to VCC -. 
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recommended operating conditions 


2, 
4758 8.26 
=4.75=8 


} 
nn 
NO 
ol 


oO 
or 


5.25 | Vv | 

i 5.2 
Reference input voltage, Vrefiext) (see Note 2) 2 | ov | 
High-level input voltage, Viy 2 Vop + 0. | ov | 
Low-level input voltage, Vi, (see Note 3) -0.3 0. aa 
Load resistance at OUT + and/or OUT — 300 ed 
! 100 | _pF__| 
7 
19 
1 


| 


» RL 
Load capacitance at OUT + and/or OUT-—, Cy, 


MSTR CLK frequency (see Note 4) 0.075 5 10.36 


Analog input amplifier common mode input voltage (see Note 5) 
A/D or D/A conversion rate 
; : TLC320401, TLC320411, TLC320421 
Operating free-air temperature, Ta 
TLC32040C, TLC32041C, TLC32042C 


NOTES: 2. Voltages at analog inputs and outputs, REF, Vcc +, and Vcc _, are with respect to the ANLG GND terminal. Voltages at 
digital inputs and outputs and Vpp are with respect to the DGTL GND terminal. 

3. The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet 

' for logic voltage levels and temperature only. : 

4. The bandpass and low-pass switched-capacitor filter response specifications apply only when the switched-capacitor clock 
frequency is 288 kHz. For switched-capacitor filter clocks at frequencies other than 288 kHz, the filter response is shifted 
by the ratio of switched-capacitor filter clock frequency to 288 kHz. 

5. This range applies when (IN+ — IN—) or (AUX IN+ — AUX IN-—) equals +6 V. 


| 


on 


t 


| 


V 
V 
V 
V 
V 
V 
V 
pF 
kHz 
kHz 
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ANALOG INTERFACE CIRCUITS 


electrical characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
VCcC— = —-5V. Vpp = 5 V (unless otherwise noted) | 


total device, MSTR CLK frequency = 5.184 MHz, outputs not loaded 


PARAMETER . TEST CONDITIONS MIN TYPt MAX | UNIT 
VOH High-level output voltage Vop = 4.75 V, Ion = —300 pA 
VoL Low-level output voltage Vpp = 4.75 V, lot = 2 mA ee 


en are et rer TLC3204—C Ss 
if 
ee cf* | tuc3204— ees 


| Po = 85 | 
TLC3204_—C a 
IE Ca. SUppIyeurrent OMmrVCC =: a eanog | = 


lop Supply current from Vpp fMSTR CLK = 9.184 MHz 
Vref ‘Internal reference output voltage 


Temperature coefficient of internal ite 
a ppm 
Viel reference voltage 


'o___ Output resistance at REF ae ee a he OO 
receive amplifier input 


PARAMETER 
A/D converter offset error (filters bypassed) 
A/D converter offset error (filters in) 


: TS 
i nae 2565 
Common-mode rejectio tio at IN¢+, IN-, 
CMRR ; Beep oer See Note 6 
| or AUX IN+, AUX IN— . 
Input resistance at IN+, IN— 
r 
| or AUX IN+, AUX IN—, REF 
transmit filter output 


PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 
Yoo aioe offset voltage at OUT + or OUT - 15 75 Ra, 
(single-ended relative to ANLG GND) 
Maximum peak output voltage swing across RL 2 300 2, 
VOM ; +3 Vv 
Ry at OUT + or OUT — (single-ended) Offset voltage = O 


MIN TYPt MAX | UNIT 


TEST CONDITIONS 
pe ee 


Maximum peak output voltage swing between 
js is 7 R, = 6002 


VOM ; 
OUT + and OUT — (differential output) 


TAIl typical values are at Ta = 25°C. 
NOTE 6: The test condition is a O-dBm, 1-kHz input signal with an 8-kHz conversion rate. 
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TLC320401, TLC32040C, TLC320411, TLC32041C, 
TLO320421, TLC32042C 
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electrical characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc-— = —5V. Vpp = 5 V (unless otherwise noted) 


system distortion specifications, SCF clock frequency = 288 kHz 


Attenuation of second harmonic of Vin = —0.1 dB to —24 dB referred to Vref, a aaa 
See Note 7 
Attenuation of third and higher Vin = —0.1 dBto -24 dBreferred to Vref | 65 —i 
Attenuation of second harmonic of Vin = —0O dB to — 24 dB referred to Vref, 
Attenuation of third and higher Vin = —0O dB to — 24 dB referred to Vref, | HC 
A/D channel signal-to-distortion ratio 


esr conorrions «=| _Ay= 1% | Aya 2? | 
PARAMETER ; 
(see Note 7) [MIN MAX | “MIN MAX 


Vin = -6dBto -0.108 | 58 |>se8 ss |>sas 
Vin = -12dBt0-6a8 | 58 | 58 |>sas 
Vin = 18 dbo 1208 86 | se —~i| ses 


70 
70 
70 
65 


Vin = —24 dB to —18 dB 

A/D channel signal-to-distortion ratio Vin = —30 dB to —24 dB | 56 | 
a 
Vin = —42 dBto -36dB | 32 | 440 


Vin = —48 dB to -42 dB 


D/A channel signal-to-distortion ratio 


. TEST ITION 
PARAMETER ST CONGINONS 
(see Note 7) 


Vin = —6 dB to —0.1 dB 
Vin = —12 dB to -6 dB 
Vin = —18 dB to —12 dB 


Vin = -—36 dB to -30 dB 


in = ~54 dB to —48 dB 


gain and dynamic range 


PARAMETER TEST CONDITIONS 


Absolute transmit gain tracking error while transmitting ~—48 dB to O dB signal range, 
into 600 2 See Note 8 


Absolute receive gain tracking error 


TAIl typical values are at Ta = 25°C. 
TAY is the programmable gain of the input amplifier. 
8A value > 58 is overrange and signal clipping occurs. 
NOTES: 7. The test condition is a 1-kHz input signal with an 8-kHz conversion rate (O dB relative to V;e¢). The load impedance for the 
DAC is 600 2. 
8. Gain tracking is relative to the absolute gain at 1 kHz and O dB (0 db relative to Vref). 


TEXAS 4% sic 
INSTRUMENTS 


POST OFFICE BOX 655012 © DALLAS, TEXAS 75265 


TLE320401, TLC32040C, TLC320411, TLC32041C, 
TLO320421, TLC32042C 
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power supply rejection and crosstalk attenuation 


Vcc + or Vcc -— supply voitage 


aes ; at 200 mV p-p measured 
rejection ratio, receive channel 


at DR (ADC output) 
Idle channel, supply signal 


Vcc + or Vcc — supply voltage 


PARAMETER TEST CONDITIONS MIN TyYPt MAX UNIT 
f = Oto 30 kHz 

rejection ratio, transmit channel at 200 mV p-p measured 

(single-ended) 1S ORME R ie at OUT + 


f 0 to 30 kHz » Idle channel, supply signal 
f 30 kHz to 50 kHz 
Crosstalk attenuation, transmit-to-receive (single-ended) ee te ed | dB | 
delay distortion, SCF clock frequency = 288 kHz +2%, input (IN+ —- IN—) is +3-V sinewave 


30 
30 
45 


Please refer to filter response graphs for delay distortion specifications. 


TLC32040 and TLC32041 bandpass filter transfer function (see curves), SCF clock 
frequency = 288 kHz +2%, input (IN+ — IN—) is a +3-V sinewave (see Note 9) 


PARAMETER TEST CONDITIONS MIN . MAX UNIT 
. f = 100 Hz 
f = 170 Hz 


300 Hz < f <= 3.4 kHz -—0.5 
= 4 kHz 
> 4.6 kHz 


| | 
NLS 
Ol} RO 


Filter Gain 
(see Note 10) 


Input signal reference is O dB 


oO 
on 


| 
on 
fe) 


f 
f 
TLC32042 bandpass filter transfer function (see curves), SCF clock frequency = 288 kHz +2%, 
input (IN+ — IN—) is a +3-V sinewave (see Note 9) 


f = 100 Hz 
“08 


{ 
1 Ip 
nm|~ 


Filter Gain 
(see Note 10) 


Input signal reference is O dB 


oO 
on 


-58 


.PARAMETER TEST CONDITIONS 
f < 3.4 kHz -0.5 


Filter Gain 
(see Note 10) 


me 
miu}! |o 
Oro; Pin 


serial port 


PARAMETER TEST CONDITIONS MIN TYPt MAX 
H High-level output voltage lIoH = —300 pA 4 
L - 


UNIT 


| UNIT 
| eA 
| PF 


Co Output capacitance ean aang 


T All typical values are at Ta = 265°C. 

NOTES: 9. The above filter specifications are for a switched-capacitor filter clock range of 288 kHz + 2%. For switched-capacitor fitter 
clocks at frequencies other than 288 kHz + 2%, the filter response is shifted by the ratio of switched-capacitor filter clock 
frequency to 288 kHz. 

10. The filter gain outside of the passband is measured with respect to the gain at 1 kHz. The filter gain within the passband 
is measured with respect to the average gain within the passband. The passbands are 300 to 3400 Hz and O to 3400 Hz 
for the bandpass and lowpass filters respectively. 


+s 
> 


Vo 

Vo Low-level output voltage . lOL = 2mA 
N 

C 


wn 


N 
wd | ed 
alo 
i+ 
— 
ro) 


pF 
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TLE320401, TLC32040C, TLC320411, TLC32041C, 
TLE320421, TLC32042C 
ANALOG INTERFACE CIRCUITS 


operating characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcec- = -5V.Vpp = 5V 


noise (measurement includes low-pass and bandpass switched-capacitor filters) 


PARAMETER TEST CONDITIONS Typt MAX UNIT 
200 


Transmit noise 


DX input = 00000000000000, constant input code | 300 500 


300 475 V rms 
Receive noise (see Note 11) Inputs grounded, gain = 1 
, 


timing requirements 


serial port recommended input signals 


PARAMETER 


tc(MCLK) Master clock cycle time 


tf(MCLK) Master clock fall time ee 
Master clock duty cycle 42% 58% | 


T All typical values are at Ta = 25°C. 
NOTES: 11. This noise is referred to the input with a buffer gain of one. If the buffer gain is two or four, the noise figure will be 
correspondingly reduced. The noise is computed by statistically evaluating the digital output of the A/D converter. 


12. RESET pulse duration is the amount of time that the reset pin is held below 0.8 V after the power supplies have reached 
their recommended values. 
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operating characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc- = -5V. Vpp = 5 V (continued) 


serial port — AIC output signals 


PARAMETER 


tc(SCLK Shift clock (SCLK) cycle time 380 
tiSCLK Shift clock (SCLK) fall time 


tr(SCLK Shift clock (SCLK) rise time 50 
Shift clock (SCLK) duty cycle 45 55 


cicn. bom Temeciene ranean a 
cian. an each EES er 


TABLE 2. GAIN CONTROL TABLE 
(ANALOG INPUT SIGNAL REQUIRED FOR FULL-SCALE A/D CONVERSION) 


CONTROL REGISTER BITS t A/D CONVERSION 
INPUT CONFIGURATIONS ANALOG INPUT 
re RESULT | 
Differential configuration full-scale 


Analog input = IN+ — IN- 
= AUX IN+ -— AUX IN- 


Single-ended configuration 
Analog input = IN+ — ANLG GND 
= AUX IN+ — ANLG GND 


t [In this example, Vre¢ is assumed to be 3'V. In order to minimize distortion, it is recommended that the analog input 
not exceed 0.1 dB below full scale. 


Rfb Rfb 
IN + : AUX IN + - 
R TO MUX - R TO MUX 
IN — AUX IN—- 
Rfb | Rfb 
Reh = R for d6 = 1,d7 = 1 Rp = R for d6 = 1,d7 = 1 
d6 = 0,d7 = 0 d6 = 0,d7 = 0 
Rfh = 2R for d6 = 1,d7 = 0 Rfh = 2R for d6 = 1,d7 = 0 
Rfh = 4R for d6 = 0, d7 = 1 Rfh = 4R for d6 = 0, d7 = 1 
FIGURE 1. IN+ AND IN— GAIN FIGURE 2. AUX IN+ AND AUX IN- 
CONTROL CIRCUITRY GAIN CONTROL CIRCUITRY 
| 4 
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sin x/x correction section 


The AIC does not have sin x/x correction circuitry after the digital-to-analog converter. Sin x/x correction 
can be accomplished easily and efficiently in digital signal processor (DSP) software. Excellent correction 
accuracy can be achieved to a band edge of 3000 Hz by using a first-order digital correction filter. The 
results, which are shown below, are typical of the numerical correction accuracy that can be achieved 
for sample rates of interest. The filter requires only seven instruction cycles per sample on the 
TMS320 DSPs. With a 200-ns instruction cycle, nine instructions per sample represents an overhead factor 
of 1.4% and 1.7% for sampling rates of 8000 Hz and 9600 Hz, respectively. This correction will add a 
slight amount of group delay at the upper edge of the 300— 3000-Hz band. 


sin x/x roll-off for a zero-order hold function 
The sin x/x roll-off for the AIC DAC zero-order hold function at a band-edge frequency of 3000 Hz for 
the various sampling rates is shown in the table below. 


TABLE 3. sin x/x ROLL-OFF 


sin x f/fs 
x fits 
(f = 3000 Hz) 
(dB) 


20 log 


Note that the actual AIC sin x/x roll-off will be slightly less than the above figures, because the AIC has 
less than a 100-% duty cycle hold interval. 


correction filter 


To compensate for the sin x/x roll-off of the AIC, a first-order correction filter shown below, is recommended. 


U(i + 1) Y(i+ 1) 


(1—p1)P2 


pi 


The difference equation for this correction filter is: 
Vit 1 = p2(1—pt) (uj4+4) +p! yj 

where the constant p1 determines the pole locations. 
The resulting squared magnitude transfer function is: 


p22 (1—-p1)2 


|H(f)|2 Se 
1 — 2p1 cos(2 x f/fs) + p12 
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correction results 


Table 4 below shows the optimum p values and the corresponding correction results for 8000-Hz and 
9600-Hz sampling rates. 


TABLE 4 


ERROR (dB) ERROR (dB) 

fs = 8000 Hz fs = 9600 Hz 
pl = -—0.14813 p1 = —0.1307 
p2 = 0.9888 p2 = 0.9951 


TMS320 software requirements 


The digital correction filter equation can be written in state variable form as foliows: 
Y = klY +k2U 


where k1 equals p1 (from the preceding page), k2 equals (1 —p1)p2 (from the preceding page), Y is the 
filter state, and U is the next |/O sample. The coefficients k1 and k2 must be represented as 16-bit integers. 
The SACH instruction (with the proper shift) will yield the correct result. With the assumption that the 
TMS320 processor page pointer and memory configuration are properly initialized, the equation can be 
executed in seven instructions or seven cycles with the following program: 


ZAC 

LT K2 

MPY U 

LTA K1 

MPY Y 

APAC 

SACH (dma), (shift) 
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byte-mode timing 


He tH(SCLK) = ye te(SCLK) }¢——} tc(SCLK) 
SHIFT CLK 2Vv i; 2VvV am 2V 2Vv ay 
Oo8v | \ Oo8sv | | | 
‘a(CH-FLI-O fe i a —| le td(CH-FH) —>| ke td(CH-FL) td(CH-FH}-> le 
| | | | | | 
eens 
FSR, FSX osv | | ey cove ‘ pe 
; | | | 
_, le td(CH-DR) | 
2Vv 
. | 
o8v ) | 
uIOXIy ie 
DON‘T CARE 
2 er =e} ae 
le—t t 
a h(DX) eh i db(CH-EL) tdb(CH- nate le 


EODR, EODX or : | iin 


word-mode timing 


l# > tc( SCLK) 
| : 
SHIFT CLK oy i. ! , Tl i”, 
o8y | Oosv Oo8 Vv | | 
: | | 
—> a , . td(CH-FH}> | 
— | | | | 2V 
FSX, FSR o8vV | 
| 
| | 
4 etd (CH-DR) | 
| 
DR D15 (p14 013 Yo12X D11X D2 \ 01 __bo | 
| 
tsu(Dx)-+4 le | | 
RE 
! 
t 
= I h(DX) tdw(CH- EL} le >| ke tdw(CH-EH) 
2V 
EODX. EODR = 


FIGURE 3. SERIAL PORT TIMING 
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$1 Oy’ 
GEN [la 
as TLC32040/ 
Re Na TLC32041/ 
AO/PAO 7 fall i TLC32042 
| ieee 
A2/PA2 


SHIFT CLK 


_ FIGURE 4. TMS32010-TLC32040/TLC32041/TLC32042 INTERFACE CIRCUIT 


in instruction timing 


CLK OUT 
| 
DEN | 
| 
so, G1 | 
p0.015 


out instruction timing 


CLK OUT | | | | | | 


t 
| 
WE ! | 
| 
SN74LS138 Y1 | 


| 
SN74LS299 CLK | 


DO-D15 VALID 


FIGURE 5. TMS32010-TLC32040/TLC32041/TLC32042 INTERFACE TIMING 
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TYPICAL CHARACTERISTICS 
AIC TRANSMIT CHANNEL FILTER 


Magnitude 


Soe I 
See Note B 


et PY 


Magnitude — dB 
Relative Group Delay —ms 


SCF clock frequency 


Normalized Frequency—kHz x 288 kHz 


NOTES: A. Maximum relative delay (0 Hz to 600 Hz) = 125 us. 

B. Maximum relative delay (600 Hz to 3000 Hz) = +50 us. 
C. Absolute delay (600 Hz to 3000 Hz) = 700 us. 
D 


. Test conditions are Vcc +, VCC —, and Vpp within recommended operating conditions, SCF clock f = 288 kHz + 2%, 
input = +3-V sinewave, and Ta = 25°C. 


FIGURE 6 
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TYPICAL CHARACTERISTICS 


TLC32040 and TLC32041 
RECEIVE CHANNEL FILTER 


10 0.35 
1 

~10 N 0.25 7 

E 

-20 0.2 | 
2 o 
ne} & 
- 30 0.15 & 
3 -40 oy 2 
pola EA Ns lets 
> _59 Group Delay 0.05 2 
= eA Ne 
~60 0 8 

® 

c 


COACH 
Eels 2 


See Note B 
- 80 


Cc 
i nL 


SCF eek frequency 
288 kHz 


—-~ 


Normalized Frequency —kHz x 


NOTES: A. Maximum relative delay (200 Hz to 600 Hz) = 3350 us. 

. Maximum relative delay (600 Hz to 3000 Hz) = +50 us. 

. Absolute delay (600 Hz to 3000 Hz) = 1230 us 

. Test conditions are Vcc +. Vcc—. and Vpp within recommended operating conditions, SCF clock f = 288 kHz +2%, 
input = +3-V sinewave, and Ta = 25°C. 


008 


FIGURE 7 
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TYPICAL CHARACTERISTICS 


TLO32042 
RECEIVE CHANNEL FILTER 


i ee 2 eee 
TH Nea 


-10 02 4, 
ine ee 

-20 0.15 | 

2 ott | | | | tN | i, 
Sol L | WEN elec 
@ \ a 
3-40 ! Group Delay 0.05 3 
& soll Lt HLA |, 
2 -s0r tiie 7 o 2 
2 z (VaR : 
-60 See Note B—— 0.05 ts 

a 


ote ex 

0 1 2 3 4 5 

SCF clock frequency 
288 kHz 


-—80 0.15 


- 90 0.2 


Normalized Frequency —kHz x 


NOTES: A. Maximum relative delay (200 Hz to 600 Hz) = 3350 us. 
B. Maximum relative delay (600 Hz to 3000 Hz) = +50 us. 
C. Absolute delay (600 Hz to 3000 Hz) = 1080 us. 
D. Test conditions are Vcc +. Vcc —. and Vpp within recommended operating conditions, SCF clock f = 288 kHz +2%, 
input = +3-V sinewave, and Ta = 25°C. 


FIGURE 8 
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TYPICAL CHARACTERISTICS 


A/D SIGNAL-TO-DISTORTION RATIO A/D GAIN TRACKING 
vs (GAIN RELATIVE TO GAIN 
INPUT SIGNAL AT O dB INPUT SIGNAL) 


1-kHz input signal with an 
8-kHz conversion rate 


70 
S 
| 60 
Q wa 
© 50 
8 2 
- x 
S 40 S 
Q 
e 30 < 
eats 9) 
PY 
§ 20 
77) 

10 

-0.5 
-50 -40 -30 -20 -10 0 10 -50 -40 -30 -20 -10 0 10 
input Signal Relative to Vre¢—dB Input Signal Relative to Vre¢—dB 
FIGURE 9 — FIGURE 10 
D/A CONVERTER SIGNAL-TO-DISTORTION RATIO D/A GAIN TRACKING 
‘ vs | vs 
INPUT SIGNAL (GAIN RELATIVE TO GAIN 
100 


AT O dB INPUT SIGNAL) 
1-kHz input signal into 600 2 ; 


90 +8-kHz conversion rate 


Signal-to-Distortion Ratio—dB 
o 
ro) 
Gain Tracking — dB 


0 
-50 -40 -30 -20 -10 0 10 


Input Signal Relative to Vre¢—dB -50 -40 -30 -20 -10 re) 10 
FIGURE 11 Input Signal Relative to Vre¢—dB 
FIGURE 12 


NOTE: Test conditions are Vcc +, Vcc —, and Vpp within recommended operating conditions set clock f = 288 kHz +2%, and Ta = 25°C. 
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TYPICAL CHARACTERISTICS 


ATTENUATION OF SECOND HARMONIC OF A/D INPUT 
vs 
INPUT SIGNAL 


100 7 aan 


90 


80 
70 


60 


50 


40 
30 


20 


10 | 1-kHz input signal <a sepia 
3 8-kHz conversion rate 


-50 -40 -30 -20 -10 0) 10 
Input Signal Relative to Vre¢—dB 


FIGURE 13 


Attenuation of Second Harmonic — dB 


ATTENUATION OF SECOND HARMONIC OF D/A INPUT 
vs 
INPUT SIGNAL 
100 


1-kHz input signal into 600 2 
8-kHz conversion rate 


Attenuation of Second Harmonic — dB 
on 
oO 


0 
-50 -40 -30 -20 -10 0 10 
Input Signal Relative to Vre¢—dB 


FIGURE 15 


Attenuation of Third Harmonic — dB 


ATTENUATION OF THIRD HARMONIC OF A/D INPUT 
vs 
INPUT SIGNAL 


100 Eo ae 
1-kHz input signal 

90 |8-kHz conversion rate 7 

80 == 


70 


60 


-——+ 


50 


—— 


alae 


40 


aS 


20 — 


of 
Pe | 


~50 -40 -30 -20 -10 0 
Input Signal Relative to Vre¢—dB 


[es 

‘| 
i 
i 


+ 
‘a 
iN 


FIGURE 14 


ATTENUATION OF THIRD HARMONIC OF D/A INPUT 
vs 
INPUT SIGNAL 


100 r ; : 
1-kHz input signal into 600 0 


90 +8-kHz conversion rate 


Attenuation of Third Harmonic— dB 
4) 
ro) 


0 
-50 -40 -30 -20 -10 0 10 
Input Signal Relative to V;e¢—dB 


FIGURE 16 


NOTE: Test conditions are Vcc +, VCC —, and Vpp within recommended operating conditions set clock f = 288 kHz +2%, and Ta = 25°C. 
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TYPICAL APPLICATION INFORMATION 


TMS32020/C25 TLC32040/TLC32041 /TLC32042 


Vcc+ +5 V 


REF . Cc 


E = 
5 V 


Vcec- 
Vop +5 V 


DGTL GND 


C = 0.2 pF, CERAMIC 
FIGURE 17. AIC INTERFACE TO THE TMS32020/C25 SHOWING DECOUPLING CAPACITORS 
AND SCHOTTKY DIODET 


Vcc 


3.0 V OUTPUT 


0.1 pF CERAMIC 


FOR: Vcc = 12 V.R = 7200 2 
Vcc = 10 V,R = 5600 2 
Vec = 5V.R = 16000 

FIGURE 18. EXTERNAL REFERENCE CIRCUIT FOR TLC32041 


tThomson Semiconductors 
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D3098, MARCH 1988—REVISED DECEMBER 1988 


Advanced LinCMOS” Silicon-Gate Process N PACKAGE 
Technology (TOP VIEW) 


14-Bit Dynamic Range ADC and DAC 


16-Bit Dynamic Range Input with 
Programmable Gain 


@ Variable ADC and DAC Sampling Rate Up to 
19,200 Samples per Second 


@ Switched-Capacitor Antialiasing Input Filter 
and Output-Reconstruction Filter 


@ Serial Port for Direct Interface to 
TMS320C17, TMS32020, TMS320C25, 
and TMS320C30 Digital Processors 


@ Synchronous or Asynchronous ADC and 
DAC Conversion Rates with Programmable 
Incremental ADC and DAC Conversion 


Timing Adjustments FN PACKAGE 
(TOP VIEW) 
@ Serial Port Interface to SN74299 Serial-to- a |b 
Parallel Shift Register for Parallel Interface o B 


Y |O 
to TMS32010, TMS320C15, or Other 
Digital Processors 43 


@ Internal Reference for Normal Operation and DR 25( IN - 


External Purposes, or Can Be Overridden by MSTR CLK 24(} AUX IN + 
External Reference VDD 23 AUX IN - 
REF 22] OUT + 
description | : DGTL GND 21{] ouT - 
_ SHIFT CLK 200) Vec + 
The TLC32044 is a complete analog-to-digital FODX 190) vec - 


and digital-to-analog input/output system on a 


— 
NO 
~N 
~— 
ie) 


single monolithic CMOS chip. This device ot 
integrates a bandpass switched-capacitor a E Io Saas 
antialiasing input filter, a 14-bit-resolution A/D co = ied 
converter, four microprocessor-compatible serial = 3 s 
port modes, a 14-bit-resolution D/A converter, S qt 


and a low-pass switched-capacitor output- 
reconstruction filter. The device offers numerous NU — Nonusable; no external connection should be made to these 
combinations of Master Clock input frequencies pins. See Table 2. 

and conversion/sampling rates, which can be 

changed via digital processor control. 


Typical applications for this IC include speech encryption for digital transmission, speech recognition/storage 
systems, speech synthesis, modems (7.2-, 8-, 9.6-, 14.4-, and 19.2-kHz sampling rate), analog interface 
for digital signal processors (DSPs), industrial process control, biomedical instrumentation, acoustical signal 
processing, spectral analysis, data acquisition, and instrumentation recorders. Four serial modes, which 
allow direct interface to the TMS320C17, TMS32020, TMS320C25, and TMS320C30 digital signal 
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description (continued) ; 
processors, are provided. Also, when the transmit and receive sections of the Analog Interface Circuit 
(AIC) are operating synchronously, it will interface to two SN74299 serial-to-parallel shift registers. These 
serial-to-parallel shift registers can then interface in parallel to the TMS32010, TMS320C15, other digital 
signal processors, or external FIFO circuitry. Output data pulses are emitted to inform the processor that 
data transmission is complete or to allow the DSP to differentiate between two transmitted bytes. A flexible 
control scheme is provided so that the functions of the IC can be selected and adjusted coincidentally 
with signal processing via software control. . 


The antialiasing input filter comprises eighth-order and fourth-order CC-type (Chebyshev/elliptic transitional) 
low-pass and high-pass filters, respectively. The input filter is implemented in switched-capacitor technology 
and is preceded by a continuous time filter to eliminate any possibility of aliasing caused by sampled data 
filtering. When only low-pass filtering is desired, the high-pass filter can be switched out of the signal path. 
A selectable, auxiliary, differential analog input is provided for applications where more than one analog 
input is required. | 


The A/D and D/A architectures ensure no missing codes and monotonic operation. An internal voltage 
reference is provided to ease the design task and to provide complete control over the performance of 
the IC. The internal voltage reference is brought out to a pin and is available to the designer. Separate 
analog and digital voltage supplies and grounds are provided to minimize noise and ensure a wide dynamic 
range. Also, the analog circuit path contains only differential circuitry to keep noise to an absolute minimum. 
The only exception is the DAC sample-and-hold, which utilizes pseudo-differential circuitry. 


The output-reconstruction filter is an eighth-order CC-type (Chebyshev/elliptic transitional low-pass filter) 
followed by a second-order (sin x)/x correction filter) and is implemented in switched-capacitor technology. 
This filter is followed by a continuous-time filter to eliminate images of the digitally encoded signal. The 
on-board (sin x)/x correction filter can be switched out of the signal path using digital signal processor 
control, if desired. 


The TLC320441 is characterized for operation from — 40°C to 85°C, and the TLC32044C is characterized 
for operation from O°C to 70°C. . 
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functional block diagram 


IN + 
SERIAL 
IN — ce 
PORT FSR 
AUX IN + 
AUX IN - a 
EOOR 
MSTER CLK 
INTERNAL SHIFT CLK 
VOLTAGE 
REFERENCE WORD/BYTE 
DX 
FSX 
OUT + EOD ' 
se EODX 


U 
x 


Vec+ Vec- ANLG DTGL Vpp REF RESET 
GND GND :DIG) 


PRINCIPLES OF OPERATION 


analog input 


Two sets of analog inputs are provided. Normally, the IN+ and IN — input set is used; however, the auxiliary 
input set, AUX IN+ and AUX IN —, can be used if a second input is required. Each input set can be operated 
in either differential or single-ended modes, since sufficient common-mode range and rejection are provided. 
The gain for the IN+, IN—, AUX IN+, and AUX IN— inputs can be programmed to be either 1, 2, or 4 
(see Table 2). Either input circuit can be selected via software control. It is important to note that a wide 
dynamic range is assured by the differential internal analog architecture and by the separate analog and 
digital voltage supplies and grounds. 


A/D bandpass filter, A/D bandpass filter clocking, and A/D conversion timing 


The A/D high-pass filter can be selected or bypassed via software control. The frequency response of this 
filter is presented in the following pages. This response results when the switched-capacitor filter clock 
frequency is 288 kHz and the A/D sample rate is 8 kHz. Several possible options can be used to attain 
a 288-kHz switched-capacitor filter clock. When the filter clock frequency is not 288 kHz, the low-pass 
filter transfer function is frequency-scaled by the ratio of the actual clock frequency to 288 kHz. The ripple 
bandwidth and 3-dB low-frequency roll-off points of the high-pass section are 150 and 100 Hz, respectively. 
However, the high-pass section low-frequency roll-off is frequency-scaled by the ratio of the A/D sample 
rate to 8 kHz. 


The Internal Timing Configuration and AIC DX Data Word Format sections of this data sheet indicate the 
many options for attaining a 288-kHz bandpass switched-capacitor filter clock. These sections indicate 
that the RX Counter A can be programmed to give a 288-kHz bandpass switched-capacitor filter clock 
for several Master Clock input frequencies. 
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PRINCIPLES OF OPERATION (continued) 


The A/D conversion rate is then attained by frequency-dividing the 288-kHz bandpass switched-capacitor 
filter clock with the RX Counter B. Thus, unwanted aliasing is prevented because the A/D conversion rate 
is an integral submultiple of the bandpass switched-capacitor filter sampling rate, and the two rates are 
synchronously locked. 


A/D converter performance specifications 


Fundamental performance specifications for the A/D converter circuitry are presented in the A/D converter 
operating characteristics section of this data sheet. The realization of the A/D converter circuitry with 
switched-capacitor techniques provides an inherent sample-and-hold. 


analog output 


D/A 


The analog output circuitry is an analog output power amplifier. Both noninverting and inverting amplifier 
outputs are brought out of the IC. This amplifier can drive transformer hybrids or low-impedance loads 
directly in either a differential or single-ended configuration. 


low-pass filter, D/A low-pass filter clocking, and D/A conversion timing 


The frequency response of this filter is presented in the following pages. This response results when the 
low-pass switched-capacitor filter clock frequency is 288 kHz. Like the A/D filter, the transfer function 
of this filter is frequency-scaled when the clock frequency is not 288 kHz. A continuous-time filter is provided 
on the output of the (sin x)/x filter to eliminate the periodic sample data signal information, which occurs 
at multiples of the 288-kHz switched-capacitor filter clock. The continuous time filter also greatly attenuates 
any switched-capacitor clock feedthrough. | 


The D/A conversion rate is attained by frequency-dividing the 288-kHz switched-capacitor filter clock with 
TX Counter B. Thus, unwanted aliasing is prevented because the D/A conversion rate is an integral 
submultiple of the switched-capacitor low-pass filter sampling rate, and the two rates are synchronously 
locked. 


asynchronous versus synchronous operation 


D/A 


If the transmit section of the AIC (low-pass filter and DAC) and receive section (bandpass filter and ADC) 
are operated asynchronously, the low-pass and bandpass filter clocks are independently generated from 
the Master Clock signal. Also, the D/A and A/D conversion rates are independently determined. If the 
transmit and receive sections are operated synchronously, the low-pass filter clock drives both low-pass 
and bandpass filters. In synchronous operation, the A/D conversion timing is derived from, and is equal 
to, the D/A conversion timing. (See description of the WORD/BYTE pin in the Pin Functional Description 
Section.) 


converter performance specifications 


Fundamental performance specifications for the D/A converter circuitry are presented in the D/A converter 
operating characteristics section of the data sheet. The D/A converter has a sample-and-hold that is realized 
with a switched-capacitor ladder. 


system frequency response correction 


(Sin x)/x correction for the D/A converter’s zero-order sample-and-hold output can be provided by an on- 
board second-order (sin x)/x correction filter. This (sin x)/x correction filter can be inserted into or deleted 
from the signal path by digital signal processor control. When inserted, the (sin x)/x correction filter follows 
the switched-capacitor low-pass filter. When the TB register (see Internal Timing Configuration section) 
equals 36, the correction results of Figures 11 and 12 will be obtained. 
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PRINCIPLES OF OPERATION (continued) 


(Sin x)/x correction can also be accomplished by deleting the on-board second-order correction filter and 
performing the (sin x)/x correction in digital signal processor software. The system frequency response 
can be corrected via DSP software to +0.1 dB accuracy to a band-edge of 3000 Hz for all sampling rates. 
This correction is accomplished with a first-order digital correction filter, which requires only seven TMS320 
instruction cycles. With a 200-ns instruction cycle, seven instructions represent an overhead factor of 
only 1.1% and 1.3% for sampling rates of 8 and 9.6 kHz, respectively (see the (sin x)/x Correction Section 
for more: details). 


serial port 


The serial port has four possible modes that are described in detail in the Functional Pin Description Section. 
These modes are briefly described below and in the Functional Description for Pin 13, WORD/BYTE. 


1. The transmit and receive sections are operated asynchronously, and the serial port interfaces 
directly with the TMS320C17. 


2. The transmit and receive sections are operated asynchronously, and the serial port interfaces 
directly with the TMS32020, TMS320C25, and the TMS320C30. 


3. The transmit and receive sections are operated synchronously, and the serial port interfaces directly 
with the TMS320C17. | 


4. The transmit and receive sections are operated synchronously, and the serial port interfaces directly 
with the TMS32020, TMS320C25, TMS320C30, or two SN74299 serial-to-parallel shift registers, 
which can then interface in parallel to the TMS32010, TMS320C15, to any other digital signal 
processor, or to external FIFO circuitry. 


operation of TLC32044 with internal voltage reference 


The internal reference of the TLC32044 eliminates the need for an external voltage reference and provides 
overall circuit cost reduction. Thus, the internal reference eases the design task and provides complete 
control over the performance of the IC. The internal reference is brought out to a pin and is available to 
the designer. To keep the amount of noise on the reference signal to a minimum, an external capacitor 
may be connected between REF and ANLG GND. 


operation of TLC32044 with external voltage reference 


The REF pin may be driven from an external reference circuit if so desired. This external circuit must be 
capable of supplying 250 nA and must be adequately protected from noise such as crosstalk from the 
analog input. 


reset 


A reset function is provided to initiate serial communications between the AIC and DSP and to allow fast, 
cost-effective testing during manufacturing. The reset function will initialize all AIC registers, including 
the control register. After a negative-going pulse on the RESET pin, the AIC will be initialized. This 
initialization allows normal serial port communications activity to occur between AIC and DSP (see AIC DX 
Data Word Format section). _ 
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PRINCIPLES OF OPERATION (continued) 
loopback 


This feature allows the user to test the circuit remotely. In loopback, the OUT + and OUT — pins are internally 
connected to the IN+ and IN— pins. Thus, the DAC bits (d15 to d2), which are transmitted to the DX 
pin, can be compared with the ADC bits (d15 to d2), which are received from the DR pin. An ideal comparison 
would be that the bits on the DR pin equal the bits on the DX pin. However, in practice there will be some 
difference in these bits due to the ADC and DAC output offsets. 


The loopback feature is implemented with digital signal processor control by transmitting the appropriate 
serial port bit to the control register (see AIC Data Word Format section). 


ANLG GND _~ 17,18 Analog ground return for all internal analog circuits. Not internally connected to DGTL GND. 


AUX IN + Noninverting auxiliary analog input stage. This input can be switched into the bandpass filter and A/D converter 


| path via software control. If the appropriate bit in the Control register is a 1, the auxiliary inputs will replace 
the IN+ and IN -— inputs. If the bit is aO, the IN+ and IN — inputs will be used (see the AIC DX Data Word 
Format section). 
AUX IN - wie 
scree] 
aa xi 
saad i 


Inverting auxiliary analog input (see the above AUX IN + pin description). 
Digital ground for all internal logic circuits. Not internally connected to ANLG GND. 
This pin is used to transmit the ADC output’bits from the AIC to the TMS320 serial port. This transmission 
of bits from the AIC to the TMS320 serial port is synchronized with the SHIFT CLK signal. 
This pin is used to receive the DAC input bits and timing and control information from the TMS320. This serial 
transmission from the TMS320 serial port to the AIC is synchronized with the SHIFT CLK signal. 


(See the WORD/BYTE pin description and the Serial Port Timing Diagram.) During the word-mode 
timing, this signal is a low-going pulse that occurs immediately after the 16 bits of A/D information have been 
transmitted from the AIC to the TMS320 serial port. This signal can be used to interrupt a microprocessor 
upon completion of serial communications. Also, this signal can be used to strobe and enable external serial- 
to-parallel shift registers, latches, or external FIFO RAM, and to facilitate parallel data bus communications 
between the AIC and the serial-to-parallel shift registers. During the byte-mode timing, this signal goes low 
after the first byte has been transmitted from the AIC to the TMS320 serial port and is kept low until the 
second byte has been transmitted. The TMS320C17 can use this low-going signal to differentiate between 
‘the two bytes as to which is first and which is second. 
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(See the WORD/BYTE pin description and the Serial Port Timing Diagram.) During the word-mode 


timing, this signal is a low-going pulse that occurs immediately after the 16 bits of D/A converter and control 
or register information have been transmitted from the TMS320 serial port to the AIC. This signal can be used 
to interrupt a microprocessor upon the completion of serial communications. Also, this signal can be used 
to strobe and enable external serial-to-parallel shift registers, latches, or an external FIFO RAM, and to facilitate 
parallel data-bus communications between the AIC and the serial-to-parallel shift registers. During the byte- 
mode timing, this signal goes low after the first byte has been transmitted from the TMS320 serial port to 
the AIC and is kept low until the second byte has been transmitted. The TMS320C17 can use this low-going 
signal to differentiate between the two bytes as to which is first and which is second. 


7 
gi 
ee] 
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In the serial transmission modes, which are described in the WORD/BYTE pin description, the FSR pin is held 
low during bit transmission. When the FSR pin goes low, the TMS320 serial port will begin receiving bits from 
the AIC via the DR pin of the AIC. The most significant DR bit will be present on the DR pin before FSR goes 
low. (See Serial Port Timing and Internal Timing Configuration Diagrams.) 
When this pin goes low, the TMS320 serial port will begin transmitting bits to the AIC via the 
DX pin of the AIC. In all serial transmission modes, which are described in the WORD/BYTE pin description, 
the FSX pin is held low during bit transmission (see Serial Port Timing and Internal Timing Configuration 


Diagrams). 


Noninverting input to analog input amplifier stage 
inverting input to analog input amplifier stage 


The Master Clock signal is used to derive all the key logic signals of the AIC, such as the Shift Clock, the 
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25 
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switched-capacitor filter clocks, and the A/D and D/A timing signals. The internal Timing Configuration diagram 
shows how these key signals are derived. The frequencies of these key signals are synchronous submultiples 
of the Master Clock frequency to eliminate unwanted aliasing when the sampled analog signals are transferred 
between the switched-capacitor filters and the A/D and D/A converters (see the Internal Timing Configuration). 
| OUT + 


NO 


Noninverting output of analog output power amplifier. Can drive transformer hybrids or high-impedance loads 


directly in either a differential or a single-ended configuration. 


Inverting output of analog output power amplifier. Functionally identical with and complementary to OUT +. 


REF 8 1/O | The internal voltage reference is brought out on this pin. An external voltage reference can also be applied 
to this pin. , 
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A reset function is provided to initialize the TA, TA’, TB, RA, RA’, RB, and control registers. This 
reset function initiates serial communications between the AIC and DSP. The reset function will initialize all 
AIC registers including the control register. After a negative-going pulse on the RESET 
pin, the AIC registers will be initialized to provide an 8-kHz data conversion rate for a 5.184-MHz master clock 
input signal. The conversion rate adjust registers, TA’ and RA’, will be reset to 1. The CONTROL register bits 
will be reset as follows (see AIC DX Data Word Format section). 


dS = 1,d7 = 1, d6 = 1, d5 = 1, d4 = 0, d3 = 0, d2 = 1 


This initialization allows normal serial-port communication to occur between AIC and DSP. 
SHIFT CLK 10 The Shift Clock signal is obtained by dividing the Master Clock signal frequency by four. This signal is used 
to clock the serial data transfers of the AIC, described in the WORD/BYTE pin description 


below (see the Serial Port Timing and Internal Timing Configuration diagram). 


Digital supply voltage, 5 V +5% 
Positive analog supply voltage, 5 V +5% 
Negative analog supply voltage —5 V +5% 
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|WORD/BYTE 13 This pin, in conjunction with a bit in the CONTROL register, is used to establish one of four serial 
modes. These four serial modes are described below. 


AlC transmit and receive sections are operated asynchronously. 
The following description applies when the AIC is configured to have asynchronous transmit and receive sections. 
lf the appropriate data bit in the Control register is a O (see the AIC DX Data Word Format), the transmit and 
receive sections will be asynchronous.: . 
TL Serial port directly interfaces with the serial port of the TMS320C17 and communicates in two 
8-bit bytes. The operation sequence is as follows (see Serial Port Timing diagrams). 
The FSX or FSR pin is brought low. 
One 8-bit byte is transmitted or one 8-bit byte is received. 
The EODX or EODR pin is brought low. : 
The FSX or FSR pin emits a positive frame-sync pulse that is 


Rw > 


four Shift Clock cycles wide. 
5. One 8-bit byte is transmitted or one 8-bit byte is received. 
6. The EODX or EODR pin is brought high. 
7. The FSX or FSR pin is brought high. 

H Serial port directly interfaces with the serial ports of the TMS32020, TMS320C25, and TMS320C30, 
and communicates in one 16-bit word. The operation sequence is as follows (see Serial Port Timing 
diagrams): 

1. The FSX or FSR pin is brought low. 

2. One 16-bit word is transmitted or one 16-bit word is received. 

3. The FSX or FSR pin is brought high. 

4. The EODX or EODR pin emits a low-going pulse. 
AIC transmit and receive sections are operated synchronously. 
If the appropriate data bit in the Control register is a 1, the transmit and receive sections will be configured 
to be synchronous. In this case, the bandpass switched-capacitor filter and the A/D conversion timing will 
be derived from the TX Counter A, TX Counter B, and TA, TA’, and TB registers, rather than the RX Counter 
A, RX Counter B, and RA, RA’, and RB registers. In this case, the AIC FSX and FSR timing will be identical 
during primary data communication; however, FSR will not be asserted during secondary data communication 
since there is no new A/D conversion result. The synchronous operation sequences are as follows (see Serial 
Port Timing diagrams). 

L Serial port directly interfaces with the serial port of the TMS320C17 and communicates in two 

8-bit bytes. The operation sequence is as follows (see Serial Port Timing diagrams): 
The FSX and FSR pins are brought low. 
One 8-bit byte is transmitted and one 8-bit byte is received. 
The EODX and EODR pins are brought low. 
The FSX and FSR pins emit positive frame-sync pulses that are 


a aia 


four Shift Clock cycles wide. 
5. One 8-bit byte is transmitted and one 8-bit byte is received. 
6. The EODX and EODR pins are brought high. 
7. The FSX and FSR pins are brought high. 

H Serial port directly interfaces with the serial ports of the TMS32020, TMS320C25, and TMS320C30, 
and communicates in one 16-bit word. The operation sequence is as follows (see Serial Port Timing 
diagrams): 

1. The FSX and FSR pins are brought low. 

2. One 16-bit word is transmitted and one 16-bit word is received. 

3. The FSX and FSR pins are brought high. 

4. The EOOX or EODR pins emit low-going pulses. 
Since the transmit and receive sections of the AIC are now synchronous, the AIC serial port, with additional 
NOR and AND gates, will interface to two SN74299 serial-to-parallel shift registers. Interfacing the AIC to 
the SN74299 shift register allows the AIC to interface to an external FIFO RAM and facilitates parallel, data 
bus communications between the AIC and the digital signal processor. The operation sequence is the same 
as the above sequence (see Serial Port Timing diagrams). 
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INTERNAL TIMING CONFIGURATION 


5.184 MHz (1)¢ 
10.368 MHz (2) 


20.736 MHz (1) 

41.472 MHz (2) 
XTAL TMS320 
Osc DSP 


OPTIONAL EXTERNAL CIRCUITRY 
FOR FULL DUPLEX MODEMS 
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| DIVIDE CLOCK (1) COMMERCIAL | 

| BY 135 EXTERNAL | 
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TA’ REGISTER 
(6 BITS) 
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TA REGISTER 
(5 BITS) 


ADDER/ 
SUBTRACTOR 
(6 BITS) 


do.d1=0,1 
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TX COUNTER A 
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eee (20 | 5 76-kHz 
} PULSES 


RA’ REGISTER 
(6 BITS) 
(2's COMPL) 


rn 
RA REGISTER 
(5 BITS) 


ADODER/ 
SUBTRACTOR 


(6 BITS) 


dg.d,=1,1% 


RX COUNTER A 


(RA = 9 (1)] 

[RA = 18 (2)] : 

(6 BITS) 576-kH2 
PULSES 


DIVIDE BY 2 


TB =20 
TB=15 


TB REGISTER 
(6 BITS) 


TX COUNTER B 
TB=40; 
TB = 36; 
TB = 30; 
:; 14.4 kHz 


; 19.2 kHz 


7.2 kHz 
8.0 kHz 
9.6 kHz 


DIVIDE BY 2 


RB REGISTER 


(6 BITS) 


RB = 20 
RB=15 


RX COUNTER B 
RB = 40; 
RB = 36; 
RB = 30; 


7.2 kHz 
8.0 kHz 
9.6 kHz 
; 14.4 kHz 
; 19.2 kHz 


~ FREQUENCY 


LOW-PASS/ 
(SIN X)/X 
CORRECTION 
SWITCHED 
CAP FILTER 
CLK = 288 kHz 
SQUARE WAVE 


D/A 
CONVERSION 


LOW-PASS 
SWITCHED 
CAP FILTER 
CLK = 288 kHz 
SQUARE WAVE 


A/D 
CONVERSION 
FREQUENCY/ 
HIGH-PASS 
SWITCHED 
CAP FILTER 


Le eS 


NOTE: Frequency 1, 20.736 MHz, is used to show how 153.6 kHz (for a commercially available modem split-band filter clock), popular 
speech and modem sampling signal frequencies, and an internal 288-kHz switched-capacitor filter clock can be derived synchronously 
and as submultiples of the crystal oscillator frequency. Since these derived frequencies are synchronous submultiples of the crystal 
frequency, aliasing does not occur as the sampled analog signal passes between the analog converter and switched-capacitor filter 
stages. Frequency 2, 41.472 MHz, is used to show that the AIC can work with high-frequency signals, which are used by high- 


speed digital signal processors. 


TSplit-band filtering can alternatively be performed after the analog input function via software in the TMS320. 
+These control bits are described in the AIC DX Data Word Format section. 
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explanation of internal timing configuration 


All of the internal timing of the AIC is derived from the high-frequency clock signal that drives the Master 
Clock input pin. The Shift Clock signal, which strobes the serial port data between the AIC and DSP, is 
derived by dividing the Master Clock input signal frequency by four. 


Low-pass: 
SCF Clock Frequency _ Master Clock Frequency 
(D/A or A/D Path) i. 2 x Contents of Counter A 


SCF Clock Frequency (D/A or A/D Path) 
Contents of Counter B 


Conversion Frequency 


High-pass: 


SCF Clock Frequency _ . | . 
(A/D Path) = A/D Conversion Frequency 


Master Clock Frequency 
4 


Shift Clock Frequency 


TX Counter A and TX Counter B, which are driven by the Master Clock signal, determine the D/A conversion 
‘timing. Similarly, RX Counter A and RX Counter B determine the A/D conversion timing. In order for the 
low-pass switched-capacitor filter in the D/A path to meet its transfer function specifications, the frequency 
of its clock input must be 288 kHz. If the clock frequency is not 288 kHz, the filter transfer function 
frequencies are frequency-scaled by the ratios of the clock frequency to 288 kHz. Thus, to obtain the 
specified filter response, the combination of Master Clock frequency and TX Counter A and RX Counter 
A values must yield a 288-kHz switched-capacitor clock signal. This 288-kHz clock signal can then be 
divided by the TX Counter B to establish the D/A conversion timing. 


The transfer function of the bandpass switched-capacitor filter in the A/D path is a composite of its high- 
pass and low-pass section transfer functions. The high-frequency roll-off of the low-pass section will meet 
the bandpass filter transfer function specification when the low-pass section SCF is 288 kHz. Otherwise, 
the high-frequency roll-off will be frequency-scaled by the ratio of the high-pass section’s SCF clock to 
288 kHz. The low-frequency roll-off of the high-pass section will meet the bandpass filter transfer function 
specification when the A/D conversion rate is 8 kHz. Otherwise, the low-frequency roll-off of the high- 
pass section will be frequency-scaled by the ratio of the A/D conversion rate to 8 kHz. 


TX Counter A and TX Counter B are reloaded every D/A conversion period, while RX Counter A and RX 
Counter B are reloaded every A/D conversion period. The TX Counter B and RX Counter B are loaded with 
the values in the TB and RB Registers, respectively. Via software control, the TX Counter A can be loaded 
with either the TA Register, the TA Register less the TA’ Register, or the TA Register plus the TA’ Register. 
By selecting the TA Register less the TA’ Register option, the upcoming conversion timing will occur earlier 
by an amount of time that equals TA’ times the signal period of the Master Clock. By selecting the TA 
Register plus the TA’ Register option, the upcoming conversion timing will occur later by an amount of 
time that equals TA’ times the signal period of the Master Clock. Thus, the D/A conversion timing can 
be advanced or retarded. An identical ability to alter the A/D conversion timing is provided. In this case, 
however, the RX Counter A can be programmed via software control with the RA Register, the RA Register 
less the RA’ Register, or the RA Register plus the RA’ Register. 


The ability to advance or retard conversion timing is particularly useful for modem applications. This feature 
allows controlled changes in the A/D and D/A conversion timing. This feature can be used to enhance 
signal-to-noise performance, to perform frequency-tracking functions, and to generate nonstandard modem 
frequencies. 
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If the transmit and receive sections are configured to be synchronous (see WORD/BYTE pin description), 
then both the low-pass and bandpass switched-capacitor filter clocks are derived from TX Counter A. Also, 
both the D/A and A/D conversion timing are derived from the TX Counter A and TX Counter B. When the 
transmit and receive sections are configured to be synchronous, the RX Counter A, RX Counter B, RA 
Register, RA’ Register, and RB Registers are not used. 


AIC DR or DX word bit pattern 


A/D or D/A MSB, 
1st bit sent 1st bit sent of 2nd byte A/D or D/A LSB 


¥ ¥ ¢ 
| b15{ 014] 013] 012] D11] Dio] D9} os | o7 | de | 05 { D4 | 03 {| 02 {| 01 | DO. 
AIC DX data word format section 


ne [eta]ets [ard en anole fae wf ae ee v8 2 feeey go __eowmentg____ 


primary DX serial communication protocol 
< d15 (MSB) through d2 go to the D/A A EET TX and RX Counter A’s are loaded with the TA and RA 
converter register register values. The TX and RX Counter B’s are loaded with TB 
and RB register values. 
< d15 (MSB) through d2 go to the D/A The TX and RX Counter A's are loaded with the TA + TA’ and 
converter register RA + RA’ register values. The TX and RX Counter B's are loaded 
with the TB and RB register values. NOTE: di =0, dO=1 will 
cause the next D/A and A/D conversion periods to be changed 
by the addition of TA’ and RA’ Master Clock cycles, in which 
TA’ and RA‘ can be positive or negative or zero. Please refer to 
Table 1. AIC Responses to Improper Conditions. 
< d15 (MSB) through d2 go to the D/A The TX and RX Counter A’s are loaded with the TA — TA’ and 
converter register RA — RA‘ register values. The TX and RX Counter B’s are loaded 
with the TB and RB register values. NOTE: d1=1, dO =0 will 


cause the next D/A and A/D conversion periods to be changed 
by the subtraction of TA’ and RA’ Master Clock cycles, in which 
TA’ and RA‘ can be positive or negative or zero. Please refer to 

Table 1. AIC Responses to Improper Conditions. 
«< d15 (MSB) through d2 go to the D/A The TX and RX Counter A’‘s are loaded with the TA and RA 
converter register register converter register values. The TX and RX Counter B’s 
are loaded with the TB and RB register values. After a delay of 


four Shift Clock cycles, a secondary transmission will 
immediately follow to program the AIC to operate in the desired 
configuration. 


NOTE: Setting the two least significant bits to 1 in the normal transmission of DAC information (Primary Communications) to the AIC 
will initiate Secondary Communications upon completion of the Primary Communications. ; 


Upon completion of the Primary Communication, FSX will remain high for four SHIFT CLOCK cycles and will then go low and initiate 
the Secondary Communication. The timing specifications for the Primary and Secondary Communications are identical. In this manner, 
the Secondary Communication, if initiated, is interleaved between successive Primary Communications. This interleaving prevents 
the Secondary Communication from interfering with the Primary Communications and DAC timing, thus preventing the AIC from 
skipping a DAC output. It is important to note that in the synchronous mode, FSR will not be asserted during Secondary 
Communications. 
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Nee EEE 
secondary DX serial communication protocol : 
x x| + to TA register > | x x | + to RA register > d13 and d6 are MSBs (unsigned binary) 


x | + to TA’ register | x | + to RA’ register d14 and d7 are 2's complement sign bits 
d14 and d7 are MSBs (unsigned binary) 


CONTROL deletes/inserts the A/D high-pass filter 

REGISTER disables/enables the loopback function © 
disables/enables the AUX IN+ and AUX IN— pins 
asynchronous/synchronous transmit and receive 


x x x dQ x d7 d6 d5 d4 d3 d2 


¢—____—— 


sections 

gain control bits (see Gain Control Section) 
gain control bits (see Gain Control Section) 
delete/insert on-board second-order (sin x)/x 
correction filter 


reset function 


A reset function is provided to initiate serial communications between the AIC and DSP. The reset function 
will initialize all AIC registers, including the control register. After power has been applied to the AIC, a 
negative-going pulse on the RESET pin will initialize the AIC registers to provide an 8-kHz A/D and D/A 
conversion rate for a 5.184 MHz master clock input signal. The AIC, excepting the CONTROL register, 
will be initialized as follows (see AIC DX Data Word Format section): 


INITIALIZED 
REGISTER 
REGISTER VALUE (HEX) 

TA 

TA’ 1 
TB 24 
RA 9 
RA’ 1 
RB 24 


The CONTROL register bits will be reset as follows (see AIC DX Data Word Format section): 
d9 = 1,d7 = 1, d6 = 1, d5 = 1, d4 = O, d3 = O, d2 = 1 


This initialization allows normal serial port communications to occur between AIC and DSP. If the transmit 
and receive sections are configured to operate synchronously and the user wishes to program different 
conversion rates, only the TA, TA’, and TB register need to be programmed, since both transmit and receive 
timing are synchronously derived from these registers (see the Pin Descriptions and AIC DX Word Format 
sections). 


The circuit shown below will provide a reset on power-up when power is applied in the sequence given 
under Power-Up Sequence. The circuit depends on the power supplies’ reaching their recommended values 
a minimum of 800 ns before the capacitor charges to 0.8 V above DGTL GND. 


TLC32044 


+5 V 
200 kQ 
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power-up sequence 
To ensure proper operation of the AIC, and as a safeguard against latch-up, it is recommmended that 
Schottky diodes with forward voltages less than or equal to 0.4 V be connected from Vcc — to ANLG 
GND and from Vcc — to DGTL GND (see Figure 21). In the absence of such diodes, power should be applied 
in the following sequence: ANLG GND and DGTL GND, Vcc —, then Vcc + and Vpp. Also, no input signal 
should be applied until after power-up. 


AIC responses to improper conditions 


The AIC has provisions for responding to improper conditions. These improper conditions and the response 
of the AIC to these conditions are presented in Table 1 below. 


AIC register constraints 
The following constraints are placed on the contents of the AIC registers: 


. TA register must be > 1. 

. TA’ register can be either positive, negative, or zero. 
. RA register must be > 1. 

. RA’ register can be either positive, negative, or zero. 
. (TA register + TA’ register) must be > 1. 

. (RA register + RA’ register) must be > 1. 

. TB register must be > 1. 


NO Of WPD 


TABLE 1. AIC RESPONSES TO IMPROPER CONDITIONS 


IMPROPER CONDITION 


TA register + TA’ register = Oor 1 
TA register — TA’ register = Oor 1 
TA register + TA’ register < 0 


AIC RESPONSE 
Reprogram TX Counter A with TA register value 


MODULO 64 arithmetic is used to ensure that a positive value is loaded into the TX Counter A, 
i.e., TA register + TA’ register + 40 HEX is loaded into TX Counter A 


RA register + RA’ register = Oor 1 Reprogram RX Counter A with RA register value . 
RA register + RA’ register = O or 1 MODULO 64 arithmetic is used to ensure that a positive value is loaded into RX Counter A, 
i.e., RA register + RA’ register + 40 HEX is loaded into RX Counter A 


TA register = O or 1 AIC is shut down . 
RA register = O or 1 
TB register = Oor 1 Reprogram TB register with 24 HEX 


RB register = O or 1 Reprogram RB register with 24 HEX 
AIC and DSP cannot communicate Hold last DAC output 


improper operation due to conversion times being too close together 


If the difference between two successive D/A conversion frame syncs is less that 1/19.2 kHz, the AIC 
operates improperly. In this situation, the second D/A conversion frame sync occurs too quickly and there 
is not enough time for the ongoing conversion to be completed. This situation can occur if the A and B 
registers are improperly programmed or if the A + A’ register or A — A’ register result is too small. When 
incrementally adjusting the conversion period via the A + A’ register options, the designer should be very 
careful not to violate this requirement (see diagram below). 


t1 t2 
FRAME 
SYNC 
FSX 
OR 


—_ ké—- ONGOING CONVERSION —t 


t2 -— t1 2 1/19.2 kHz 
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asynchronous operation — more than one receive frame sync occurring between two transmit frame 
syncs 


When incrementally adjusting the conversion period via the A + A’orA — A‘ register options, a specific 
protocol is followed. The command to use the incremental conversion period adjust option is sent to the 
AIC during a FSX frame sync. The ongoing conversion period is then adjusted. However, either Receive 
Conversion Period A or B may be adjusted. For both transmit and receive conversion periods, the incremental 
conversion period adjustment is performed near the end of the conversion period. Therefore, if there is 
sufficient time between t1 and t2, the receive conversion period adjustment will be performed during Receive 
Conversion Period A. Otherwise, the adjustment will be performed during Receive Conversion Period B. 
The adjustment command only adjusts one transmit conversion period and one receive conversion period. 
To adjust another pair of transmit and receive conversion periods, another command must be issued during 
a subsequent FSX frame (see figure below). | 


ty 


FSX | | | | 


| ' 
¢—_—_—_____—_- TRANSMIT CONVERSION PERIOD —_—_-____—___->| 
t2 , ; 


| | | I 
}e— RECEIVE CONV. —Bi¢— RECEIVE CONV. 
PERIOD A | PERIOD B 


asynchronous operation — more than one transmit frame sync occurring between two receive frame 
syncs 


When incrementally adjusting the conversion period viathe A + A’orA — A’ register options, a specific 
protocol is followed. For both transmit and receive conversion periods, the incremental conversion period 
adjustment is performed near the end of the conversion period. The command to use the incremental 
conversion period adjust options is sent to the AIC during a FSX frame sync. The ongoing transmit conversion 
period is then adjusted. However, three possibilities exist for the receive Conversion period adjustment 
in the diagram as shown in the figure below. If the adjustment command is issued during Transmit 
Conversion Period A, Receive Conversion Period A will be adjusted if there is sufficient time between t1 
and t2. Or, if there is not sufficient time between t1 and t2, Receive Conversion Period B will be adjusted. 
Or, the receive portion of an adjustment command may be ignored if the adjustment command is sent 
during a receive conversion period, which is already being or will be adjusted due to a prior adjustment 
command. For example, if adjustment commands are issued during Transmit Conversion Periods A, B, 
and C, the first two commands may cause Receive Conversion Periods A and B to be adjusted, while the 
third receive adjustment command is ignored. The third adjustment command ts ignored since it was issued 
during Receive Conversion Period B, which already will be adjusted via the Transmit Conversion Period B 
adjustment command. 


t 


| | | { 
}¢- TRANSMIT CONV. -¥@- TRANSMIT CONV .-34@ TRANSMIT CONV. -> 
PERIOD A PERIOD B PERIOD C 


2 


FSR | | | | | | 


\ | ! 
\@————- RECEIVE CONVERSION PERIOD A —-———}@—-—- RECEIVE CONVERSION PERIOD B———_—_> 
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asynchronous operation — more than one set of primary and secondary DX serial communication 
occurring between two receive frame sync (see AIC DX Data Word Format section) 


The TA, TA’, TB, and control register information that is transmitted in the secondary communications 
is always accepted and is applied during the ongoing transmit conversion period. If there is sufficient time 
between t1 and t2, the TA, RA’, and RB register information, which is sent during Transmit Conversion 
Period A, will be applied to Receive Conversion Period A. Otherwise, this information will be applied during 
Receive Conversion Period B. If RA, RA’, and RB register information has already been received and is 
being applied during an ongoing conversion period, any subsequent RA, RA’, or RB information that is 
received during this receive conversion period will be disregarded (see diagram below). 


ty 


PRIMARY SECONDARY PRIMARY SECONDARY PRIMARY SECONDARY 
FSX 
| TRANSMIT | TRANSMIT | TRANSMIT | 
ee ee ee eee oe 
PERIOD A PERIOD B PERIOD C 
t2 
FSR 


RECEIVE CONVERSION 


PERIOD A ogee a RECEIVE CONVERSION PERIOD a 
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test modest 


The following paragraph provides information that allows the TLC32044 to be operated in special test 
modes. These test modes are used by Texas Instruments to facilitate testing of the device during 
manufacturing. They are not intended to be used in real applications, however, they allow the filters in 
the A/D and D/A paths to be used without using the A/D and D/A converters. 


In normal operation, the nonusable (NU) pins are left unconnected. These NU pins are used by the factory 
to speed up testing of the TLC32044 Analog Interface Circuit (AIC). When the device is used in normal 
(non-test-mode) operation, the NU pin (pin 1) has an internal pull-down to —5 V. Externally connecting 
OV or 5 V to pin 1 puts the device in test-mode operation. Selecting one of the possible test modes is 
accomplished by placing a particular voltage on certain pins. A description of these modes is provided 
in Table 2 and Figures 1 and 2. . : 


TABLE 2. LIST OF TEST MODES 


D/A PATH TEST (PIN 1 to 5 V) A/D PATH TEST (PIN 1 to 0) 


TEST FUNCTION TEST FUNCTION 
The low-pass switched-capacitor filter clock is brought The bandpass switched-capacitor filter clock is brought 


out to pin 5. This clock signal is normally internal. - out to pin 5. This clock signal is normally internal. 
11 No change from normal operation. The EODX signal is The pulse that initiates the A/D conversion is brought 
po [eettewion i | satanic again amma 
3 The pulse that initiates the D/A conversion is brought No change from normal operation. The EODR signal is 
ba ng I 


27 and 28 | There are no test output signals provided on these pins. The outputs of the A/D path low-pass or bandpass filter 
(depending upon control bit d2 — see AIC DX Data 
Word Format section) are brought out to these pins. If 
the high-pass section is inserted, the output will have a | 
(sinx)/x droop. The slope of the droop will be determined 

by the ADC sampling frequency, which is the high-pass 

section clock frequency (see diagram of bandpass or 
low-pass filter test for receive section). These outputs 


will drive smal! (30-pF) loads. 


D/A PATH LOW-PASS FILTER TEST; PIN 13 (WORD/BYTE) to —5 V 
TEST FUNCTION | 
15 and 16 The inputs of the D/A path low-pass filter are brought out to pins 15 and 16. The D/A input to this filter is removed. 
If the (sin x)/x correction filter is inserted, the OUT+ and OUT — signals will have a flat response (see Figure 2). The 


common-mode range of these inputs must not exceed +0.5 V. 


tT In the test mode, the AIC responds to the setting of Pin 13 to —5 V, as if Pin 13 were set to O V. Thus, the byte mode is selected 
for communicating between DSP and AIC. Either of the path tests (D/A or A/D) can be performed simultaneously with the D/A low-pass 
filter test. In this situation, Pin 13 must be connected to ~5 V, which initiates byte-mode communications. 
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PIN 27 (POSITIVE), 
PIN 28 (NEGATIVE)t 


TEST CONTROL 
(PIN 1 AT OV) 


FILTER 


FIGURE 1. BANDPASS OR LOW-PASS FILTER TEST FOR RECEIVER SECTION 


FILTER 


(Sin x)/x 
CORRECTION 


TEST CONTROL 
(PIN 13 at —5 V) 


PIN 16 (POSITIVE), 
PIN 15 (NEGATIVE)? 


FIGURE 2. LOW-PASS FILTER TEST FOR TRANSMIT SECTION 


TAN analog signal paths have differential architecture and hence have positive and negative components. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc + (see Note 1)........ 0000. 2 ~0.3 Vto 15 V 
Supply VOllage: ViODi- este G2 ode ieee i wees oo y ee FA eh oe ee eee -~O0.3Vto 15 V 
Output voltage, Vo... 0. ee Te Oe are een ere ~0.3Vto 15 V 
InipUt-Voltagee Vii scons. ce cents ae Rae bee ee Oe Oe MR i De he ee ee eS ~0.3Vto 15 V 
Digital ground voltage ......... bak Cysts tes eateries ta eee Sea ee Ere ate 3 oe ~0.3Vto 15 V 
Operating free-air temperature range: TLC320441 .......0..00..0......00... —40°C to 85°C 

TEC S2ZO44C© << ji 5 0G ene oh Bae. Gate wee 6 O°C to 70°C 
Storage temperature range .... 0... ee —40°C to 125°C 
Case temperature for 10 seconds: FN package............. 0.000. eee 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: N package ............ 260°C 


NOTE 1: Voltage values for maximum ratings are with respect to VCC -. 


recommended operating conditions 


Low-level input voltage, Vi, (see Note 3) 
Load resistance at OUT + and/or OUT —, Ry 


. . TLC320441 -40 85 
Operating free-air temperature, TA TLO32044C 


NOTES: 2. Voltages at analog inputs and outputs, REF, Vcc +, and Vcc _, are with respect to the ANLG GND terminal. Voitages at 
digital inputs and outputs and Vpp are with respect to the DGTL GND terminal. 

3. The algebraic convention, in which the least positive (most negative) value is designated minimum, is used in this data sheet 
for logic voltage levels and temperature only. 

4. The bandpass switched-capacitor filter (SCF) specifications apply only when the low-pass section SCF clock is 288 kHz and 
the high-pass section SCF clock is 8 kHz. If the low-pass SCF clock is shifted from 288 kHz, the low-pass roll-off frequency 
will shift by the ratio of the low-pass SCF clock to 288 kHz. If the high-pass SCF clock is shifted from 8 kHz, the high-pass 
roll-off frequency will shift by the ratio of the high-pass SCF clock to 8 kHz. Similarly, the low-pass switched-capacitor filter 
(SCF) specifications apply only when the SCF clock is 288 kHz. If the SCF clock is shifted from 288 kHz, the low-pass roll-off 
frequency will shift by the ratio of the SCF clock to 288 kHz. 

5. This range applies when (IN+ — IN—) or (AUX IN+ — AUX IN—) equals +6 V. 


F-99 TEXAS ¥% 
INSTRUMENTS 


POST OFFICE BOX 655012 © DALLAS, TEXAS 75265 


TLCO320441, TLC32044C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 


electrical characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc-— = -5V. Vpp = 5 V (unless otherwise noted) 


total device, MSTR CLK frequency = 5.184 MHz, outputs not loaded 


PARAMETER TEST CONDITIONS MIN TYP! MAX | UNIT 
VOH_ High-level output voltage Vpop = 4.75 V, Ion = -—300 uA 
VoL Low-level output voltage Vop = 4.75 V. lo, = 2mA ans 


Siecin canes . TLC320441 
urrent from 
anand CC+ | Tic3204ac 
TuCa2044 40 
Icc — Supply current from Vcc — T1C32044C mA 


IDD = Supply current from Vop fMSTR CLK = 5.184 MHz 


Temperature coefficient of 
aVref 250 ppm/ °C 
internal reference voltage 


receive amplifier input 


PARAMETER TEST CONDITIONS MIN TYPt MAX |. UNIT 
A/D converter offset error (filters in) Fee ey ue one ee 10 70 mV 


Common-mode rejection ratio at IN+, IN-, 
CMRR See Note 6 55 
or AUX IN+, AUX IN— 
Input resistance at IN+, IN— 
r an 100 ko 
or AUX IN+, AUX IN-, REF 
transmit filter output 


PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT 
vee Cuter offset voltage at OUT + or OUT - 15 80 an 
(single-ended relative to ANLG GND) 
Maximum peak output voltage swing across Ry = 300 2, 
Vom : +3 V 
Ry at OUT + or OUT — (single-ended) Offset voltage = O 
Maximum peak output voltage swing between 
Vom a : 7 Ri = 600 2 +6 V 
OUT + and OUT - (differential output) 


TAIl typical values are at Ta = 25°C. 
NOTE 6: The test condition is a O0-dBm, 1-kHz input signal with an 8-kHz conversion rate. 
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electrical characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc—- = —-5V. Vpp = 5 V (unless otherwise noted) 


system distortion specifications, SCF clock frequency = 288 kHz 


Attenuation of second harmonic of Vin = —0.1 dB to ~— 24 GB referred to Vref, 
ioiow spat Latent | om tem ae 
Attenuation of third and higher Vin = —0.1 dBto ~24 dBreferred to Vref, | 65 
framoner st A rou sget [ater scone? [a ep 
Attenuation of second harmonic of Vin = —0O dB to — 24 dB referred to Vref, 
Attenuation of third and higher Vin = —0O dB to — 24 dB referred to Vref, 


5 
A/D channel signal-to-distortion ratio 
TEST CONDITIONS 
PARAMETER 
(see Note 7) 
Vin = —6 dB to -0.1 a8 Bee: 


|Vin= -12dBto-608 | 58 | sa |>ses_ 

Vin = 18 Bt 1248 | 56 | 

Vin = =24d8t0 1808 | so | 66 | se 

Vin = =30d8t0 2408 | 4a | so «i se 
Vin = 42 dB to ~ 36 dB 


A/D channel signal-to-distortion ratio 


Vin = ~54 dB to —48 dB 


T All typical values are at Ta = 25°C. 
t Ay is the programmable gain of the input amplifier. 
8 A value >60 is over range and signal clipping occurs. 


D/A channel signal-to-distortion ratio 


PARAMETER 


ed 


D/A channel signal-to-distortion ratio 


Vin = —36 dB to —30 dB 
Vin = —42 dB to -36 dB 


TEST CONDITIONS 
; MIN MAX UNIT 
(see Note 7) 
Vin = ~—48 dB to —42 dB 


Vin = —6 dBto —O.1 dB 
Vin = .—12 dB to —6 dB 
Vin = —18dBto —12 dB 
Vin = —54 dB -—48 dB 
NOTE 7: The test condition is a 1-kHz input signal with an 8-kHz conversion rate (O dB relative to Vre¢). The load impedance for the DAC 
is 600 22. 
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electrical characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc-— = -5V, Vpp = 5 V (unless otherwise noted) (Continued) 


gain and dynamic range 


PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 


Absolute transmit gain tracking error while transmitting — 48 dB to O dB signal range, O08 2O:N6 
into 600 2 See Note 8 ae 
— 48 dB to O dB signal range, 
Absolute receive gain tracking error ? : +0.05 +0.15 
See Note 8 


power supply rejection and crosstalk attenuation 


idle channel, supply signal 
Vcc + of Vcc — supply voltage f = O to 30 kHz ne ana tee 
rejection ratio, receive channel f = 30 kHz to 50 kHz SA GE Saul 


Vcc + or Vcc — supply voltage f = Oto 30 kHz Idle channel, supply signal 


rejection ratio, transmit channel at 200 mV p-p measured 


(single-ended) fis SO/KAe 10, 90:kEz at OUT + 


Crosstalk attenuation, transmit-to-receive (single-ended) By eet ee et cell 


TAI typical values are at Ta = 25°C. 
NOTE 8: Gain tracking is relative to the absolute gain at 1 kHz and O dB (0 GB relative to Vref). 


Texas W eae 
INSTRUMENTS 


POST OFFICE BOX 655012 © DALLAS, TEXAS 75265 


TLC320441, TLC32044C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 


delay distortion 


bandpass filter transfer function, SCF felock = 288 kHz, input (IN+ — IN—) is a +3-V sinewavet 
(see Note 9) : 


FREQUENCY 
PARAMETER- |TEST CONDITION RANGE ADJUSTMENT ADDEND?* MIN TYP MAX | UNIT 


f < 50 Hz KT x 04B —33. -29  -25 
j= 100 i Kx 02608 


f = 150 Hz to 3100 Hz K1 x 0 dB ~0.25 O 0.25 


f= 3300Hs 10 3650He | _KIx0d8 «dt 05 iO 
(= 3800 He Sg a 


Input signal 


Filter gain ; 
reference is O dB 


FREQUENCY . 
PARAMETER |TEST CONDITION Hes ADJUSTMENT ADDEND?* min TYPS MAX | UNIT 


= 0 Hz to 3100 Hz K1 x 0 dB —0.25 O 0.25 
Filter gain 


f 
f = 3100 Hz to 3300 Hz K1 x OdB —0.3 0 03 
f 
f 

serial port 


= 3300 Hz to 3650 Hz -0.5 0 05 
= 3800 He ee ee a 
{= 4000 He 
{= 4000 He 


Input signal 


reference is O dB 


TEST CONDITIONS 
iH = ~300 A 


t See filter curves in typical characteristics. 

+The MIN, TYP, and MAX specifications are given for a 288-kHz SCF clock frequency. A slight error in the 288-kHz SCF may result from 
inaccuracies in the MSTR CLK frequency, resulting from crystal frequency tolerances. If this frequency error is less than 0.25%, the 
ADJUSTMENT ADDEND should be added to the MIN, TYP, and MAX specifications, where K1 = 100 « [(SCF frequency — 288 kHz)/ 
288 kHz]. For errors greater than 0.25%, see Note 10. 

8 All typical values are at Ta = 25°C. 

NOTES: 9. The filter gain outside of the passband is measured with respect to the gain at 1 kHz. The filter gain within the passband 
is measured with respect to the average gain within the passband. The passbands are 150 to 3600 Hz and O to 3600 Hz 
for the bandpass and low-pass filters respectively. 

10. For switched-capacitor filter clocks at frequencies other than 288 kHz, the filter response is shifted by the ratio of switched- 
capacitor filter clock frequency to 288 kHz. 
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operating characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc- = -5V.Vpp = 5V 


noise (measurement includes low-pass and bandpass switched-capacitor filters) 


with (sin x)/x 


without (sin x)/x 


DX input = OOOOOOOOOOOOON, constant input code 


timing requirements 


serial port recommended input signals 


PARAMETER 
teIMCLK]_ Master clock cycle time ee 
tMCLK) Master clock rise time 


10 
[Master clock duty cycle ——~SCSC~C~“*S*S~“‘“‘S*S*SCSC‘“‘“‘“<“<CS*é~srC CSC 

tsu(DX) DX setup time before SCLK1 
DX hold time after SCLK! 


TAIl typical values are at Ta = 25°C. 
NOTES: 11. The noise is computed by statistically evaluating the digital output of the A/D converter. 
12. RESET pulse duration is the amount of time that the reset pin is held below 0.8 V after the power supplies have reached 
their recommended values. 
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TLC320441, TLC32044C 
VOICE-BAND ANALOG INTERFACE CIRCUITS 


operating characteristics over recommended operating free-air temperature range, VCC + = 5 V, 
Vcc—-— = -5V. Vpp = 5 V (continued) 7 


serial port — AIC output signals 


tc(SCLK Shift clock (SCLK) cycle time ae ae 


380 
50 
triSCLK Shift clock (SCLK) rise time 
45 
15 
15 


| Shift clock (SCLK) duty cycle | 45 BST OH CY 
td(CH-Ft Delay from SCLKT to FSR/FSX! 


td(CH-FH Delay from SCLKT to FSR/FSXt 


td(CH-DR DR valid after SCLKT 


pease OO 
ene Sian OO 
eee etd 
| tawiCH-£L) Delay from SCLKT to EODX/EODR! in wordmode | 80 
| tdwiCH-EH) Delay from SCLKt to EODX/EODR? in wordmode 80 
jtyeoox) — FODK fatime 8 
[tycoon — FODR falltime 8 | 
tdb(CH-EH) Delay from SCLKT to EQDX/EODRT in byte mode | 


TABLE 2. GAIN CONTROL TABLE 
(ANALOG INPUT SIGNAL REQUIRED FOR FULL-SCALE A/D CONVERSION) 


CONTROL REGISTER BITS A/D CONVERSION 
INPUT CONFIGURATIONS 
RESULT 
Differential configuration +6V full-scale 
Analog input = IN+ — IN- ; 


= AUX IN+ — AUX IN- full-scale 


ns 
% 


Single-ended configuration +3 V half-scale 
Analog input = IN+ — ANLG GND Ce eee 
= AUX IN+ ~ ANLG GND full-scale 


Tin this example, Vref is assumed to be 3 V. In order to minimize distortion, it is recommended that the analog input 
- not exceed 0.1 dB below full scale. 


Rtb Rb | 
R R 
IN + AUX IN + 
R TO MUX R = > TO MUX 
IN — AUX IN — 
Rtb Rtb 
Rep = R for d6 = 1, d7 = 1 Rfh = R for d6 = 1,d7 = 1 
d6 = 0,d7 = 0 d6 = 0,d7 = 0 
Rth = 2R for d6 = 1,d7 = 0 a Reb = 2R for d6 = 1,d7 = 0 
Rfh = 4R for d6 = 0, d7 = 1 Rth = 4R for d6 = 0,d7 = 1 
FIGURE 3. IN+ AND IN— GAIN FIGURE 4. AUX IN+ AND AUX IN- 
CONTROL CIRCUITRY GAIN CONTROL CIRCUITRY 
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LS aaa ae I PEE DE DUA Ee I aE OE PIT EI OT PS I OS IT a Tee PN ae a a eS a aS) 
(sin x)/x correction section 


lf the designer does not wish to use the on-board second-order (sin x)/x correction filter, correction can 
be accomplished in digital signal processor (DSP) software. (Sin x)/x correction can be accomplished easily 
and efficiently in digital signal processor (DSP) software. Excellent correction accuracy can be achieved 
to a band edge of 3000 Hz by using a first-order digital correction filter. The results, which are shown 
below, are typical of the numerical correction accuracy that can be achieved for sample rates of interest. 
The filter requires only seven instruction cycles per sample on the TMS320 DSPs. With a 200-ns instruction 
cycle, nine instructions per sample represents an overhead factor of 1.4% and 1.7% for sampling rates 
of 8000 Hz and 9600 Hz, respectively. This correction will add a slight amount of group delay at the upper 
edge of the 300—3000-Hz band. 


(sin x)/x roll-off for a zero-order hold function 
The (sin x)/x roll-off for the AIC DAC zero-order hold function at a band-edge frequency of 3000 Hz for 


the various sampling rates is shown in the table below. 


TABLE 3. (sin x)/x ROLL-OFF 


sin x f/f, 
m f/fs 
(f = 3000 Hz) 
(dB) 


20 log 


Note that the actual AIC (sin x)/x roll-off will be slightly less than the above figures, because the AIC has 
less than a 100% duty cycle hold interval. 
correction filter 


To compensate for the (sin x)/x roll-off of the AIC, a first-order correction filter shown below, is 
recommended. 


U(j + 1) Y(i+ 1) 


(1-p1)P2 


- pt 


The difference equation for this correction filter is: 
Vit 1 = p2(1—pl) (uj+1)+P1 yi 

where the constant p1 determines the pole locations. 
The resulting squared magnitude transfe: function is: 


p22 (1—p1)2 


|H(f}|2. = ———_——___________ 
1 — 2p1 cos(2 = f/fs) + p12 
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correction results 


Table 4 below shows the optimum p values and the corresponding correction results for 8000-Hz and 
9600-Hz sampling rates. 


TABLE 4 


ERROR (dB) ERROR (dB) 

fs = 8000 Hz fs = 9600 Hz 
pi = —0.14813 pl = —0.1307 
p2 = 0.9888 p2 = 0.9951 


t 


TMS320 software requirements 


The digital correction filter equation can be written in state variable form as follows: 
Y = k1Y +k2U 


where k1 equals p1 (from the preceding page), k2 equals (1 —p1)p2 (from the preceding page), Y is the 
filter state, and U is the next I/O sample. The coefficients k1 and k2 must be represented as 16-bit integers. 
The SACH instruction (with the proper shift) will yield the correct result. With the assumption that the 
TMS320 processor page pointer and memory configuration are properly initialized, the equation can be 
executed in seven instructions or seven cycles with the following program: 


ZAC 

LT K2 

MPY U 

LTA K1 

MPY Y 

APAC 

SACH (dma), (shift) 
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byte-mode timing 


| re tH(SCLK) = me triSCLK) }*——F tc(SCLK) 
SHIFT CLK 2vV ] 2V 2VvV 2VvV 2vV 
oBV f 4 o8y | 
*d(CH-FLI-4 Je I — le ta(CH-FH) —> ke td(CH-FL) td(CH-FH}-| be 
, | \! ! 
| 


eran aamaaana | | 
FSR, FSX OB Vv ‘ie os vy ipo 
| 
| 


| 
—> je td(CH-DR) 
lav 


| 


O8vV | 


tsu(DX)—4 ke | 


| ’ 
Ox Comer ae) 
| 


—Ht le thiDx) > le tdb(CH-EL) 


| 
tdb(CH-EH}>| je 


word-mode timing 


e+ tc (SCLK) 
I 
SHIFT CLK 2V 2v ! | akan 
| , 
ai (a o8V O8V 
4 
7 i | | td(CH-FH) ke | 
erie, Pie ee 1 | 7 
peers ae oe rn) 0 nes 
| 
| 
i le-td(CH-OR) | ! 
on ois Kor orsforXorX oz\ 01 vo} | 
| 
tsu(DX)- ke : , 
| 
RE 
Ba (015 Yor Fors {or Koy oz Y oi Y po POO 
4 ] | 
t 
—>4 ke thiDX) tdw(CH-EL}4 ke 91 ke tgwiCH-EH) 
ee | Ee ernie a 
2vV 
EODX, EODR aw, 


FIGURE 5. SERIAL PORT TIMING 
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™MS32010 


TLC32044 


SHIFT CLK 


> 


FIGURE 6. TMS32010/TMS320C15-TLC32044 INTERFACE CIRCUIT 


in instruction timing 


CLK OUT 
| 
SEN | 
so, G1 | 


out instruction timing 


CLK OUT | | | | 


{ 
_ | 
WE eee 


SN74LS138 Y1 | | | | 
| 


SN74LS299 CLK | 


DO-D15 ; VALID 


FIGURE 7. TMS32010/TMS320C15-TLC32044 INTERFACE TIMING 
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TYPICAL CHARACTERISTICS 


AIC TRANSMIT AND RECEIVE LOW-PASS FILTER 


AIC TRANSMIT AND RECEIVE LOW-PASS FILTER 
3 


SCF clock f = 288 kHz 
Ta = 25°C 


a 2 
: 
w > 
Z 3 1.5 
: 3 
= e 
oOo 1 
0.5 
Ta = 25°C 
Input = +3-V sinewave 
005 115 2 25 3 35 4 45 5 005 115 2 25 3 35 4 45 5 
Normalized Frequency — kHz x SCF Clock Frequency Normalized Frequency — kHz x SEP Clock frequency 
288 kHz 288 kHz 
FIGURE 8 FIGURE 9 
AIC RECEIVE-CHANNEL BANDPASS FILTER AIC RECEIVE-CHANNEL HIGH-PASS FILTER 
20 
SCF clock f = 8 kHz 
Input = +3-V sinewave 
i 
0 
% = ~10 
® 
3 3 _20 
c < 
S $ 
2 s —30 
+- 2 
Low-pass SCF clock f = 288 kHz —~40 
High-pass SCF clock f = 8 kHz 
Ta = 25°C -—50 
Input = +3-V sinewave 
-— 60 
005 115 2 25 3 35 4 45 5 0 50 100 150 200 250 300 350 400 450 500 
Frequency — kHz Normalised: Frequency kHEs ee 
amples/s 
FIGURE 10 = 
FIGURE 11 
Ti 4 
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TYPICAL CHARACTERISTICS 


AIC RECEIVE CHANNEL BANDPASS FILTER AIC (SIN X)/X CORRECTION FILTER: 


Low-pass SCF clock f = 288 kHz 
High-pass SCF clock f 

Ta = 25°C | 

Input = +3-V sinewave 


SCF clock f = 288 kHz 
4.5) Ta = 25°C 
Input = +3-V ra 


Group Delay —ms 
Magnitude — dB 


05 115 2 25 3 35 4 45 5 05 115 2 25 3 35 4 45 5 


Fre —kH . 
eee - Normalized Frequency — kHz x SEE Clock “requency Cloek “requercy 


FIGURE 12 Sess 
FIGURE 13 


(SIN X)/X CORRECTION FILTER A/D SIGNAL-TO-DISTORTION RATIO 


vs 


(sin x)/x INPUT SIGNAL 


; 100 
—7-——+ correction al 1-kHz input signal 
filter 


90 | 8-kHz conversion rate 


80 


Magnitude — dB 


Signal-to-Distortion Ratio —dB 
: . 
° 


6 
005 1315 225 3 35 4 45 5 10 
SCF Clock Frequency 0 
_ 288 kHz -50 -40 -30 -20 -10 0 10 
Input Signal Relative to Vref — dB 
FIGURE 14 sea net 


FIGURE 15 


Normalized Frequency — kHz x 
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TLO320441, TLC32044C 


VOICE-BAND ANALOG INTERFACE CIRCUITS 


TYPICAL CHARACTERISTICS 


A/D GAIN TRACKING 


(GAIN RELATIVE TO GAIN AT O dB INPUT SIGNAL) 


0.5 

1-kHz input signal 
0.4} 8-kHz conversion rate 
0.3 a 


0.2 f- 


0.17 


+O.2 [= 


—0.3t- a 
oe ale 4 
~9.5 ——_—1 eae 

-50 -40 -30 -20 -10 0 10 


Input Signal Relative to Vre¢— dB 


FIGURE 16 


D/A CONVERTER SIGNAL-TO-DISTORTION RATIO 


Signal-to-Distortion Ratio—dB 


vs 
INPUT SIGNAL LEVEL 


100 Tr TT tT Bi 
[ 4-kHz input signal into 600 2 | 
90+ 8-kHz conversion rate : ; 
| 
801-4 | 
70+} ana 
be al — 
2 oe i se { 

ima 
{1 

0 aa 
-50 -40 -30 -20 -10 6) 10 


Input Signal Relative to Vre¢—dB 


FIGURE 17 
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TYPICAL CHARACTERISTICS 


D/A GAIN TRACKING A/D SECOND HARMONIC DISTORTION 
(GAIN RELATIVE TO GAIN VS 
AT O dB INPUT SIGNAL LEVEL) INPUT SIGNAL 
0.5 : 
1-kHz input signal into 600 2 
0.4} 8-kHz conversion rate 
ro) 
0.3 ;-— ° 
Pet g 
ao O02 ¢ 
no} he 
eld 5 
am 0.1 o 
& Q 
ee ee Bis le 
- E 
—O 1 re 
s E _ 
O _0.2 —+— -——+ = caer 
c 
” 
ee of ~10)— +. ii 2 oe +— - 


-50 -40 -30 -20 -10 0 10 50 -40 -30 -20 -10 0. 10 
Input Signal Relative to Vre¢—dB Input Signal Relative to Vre¢ — dB 
FIGURE 18 FIGURE 19 


D/A SECOND HARMONIC DISTORTION 
; vs 


INPUT SIGNAL 


~ 100 


1-kHz input signal into 600 2 
- 90} 8-kHz conversion rate 


Second Harmonic Distortion—dB 


0 
-50 -40 ~-30 -20 -10 0 10 
Input Signal Relative to Vref—dB 


FIGURE 20 
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TYPICAL CHARACTERISTICS 


A/D THIRD HARMONIC DISTORTION 


vs 
. INPUT SIGNAL 
— 100 5 ~~ 
1-kHz input signal y- | 
- 90} 8-kHz conversion rate ~~ con Reece | 
° ~80;—_+-- = 
Soe 10i 
re) 
3 Te 4 
a 
gy —50! oe = isd oe Se 
c | 
E ais 40 pee + 7 : + ote + — 
© 
x 2 a 7 7 : _ 
= 20 SS : = + iL — 
| eee ee ee Cae eee eee 
0 Wesags = th 4 


-~50 -40 -30 -20 -10 0 10 
Input Signal Relative to Vre¢—dB 


FIGURE 21 
D/A THIRD HARMONIC DISTORTION 


VS 
INPUT SIGNAL 


- 100 neni: + =F <= 
1-kHz input signal into 600 2 


~901t 8-kHz conversion rate er 
= gob 4 
| 
5 -70| = 
o 
8 ae 4 
5 
g —50 = 
c 
e -40 = 4 
{49} 4 
a iene ll mew! 
= ~ 30 +— =e 
= -20 FT Sra ceeer es Sow ewe 
- 10 +-— — ote ey 
-50 -40 -30 -20 -—10 0 10 


Input Signal Relative to V-re¢—dB 
FIGURE 22 
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TYPICAL APPLICATION INFORMATION 


™MS32020/C25 TLC32044 
+5 V 
Cc Cc 
t 
2 BAT 42 Cc 
CLKR +5 V 


C = 0.2 uF, CERAMIC 


FIGURE 23. AIC INTERFACE TO THE TMS32020/C25 SHOWING DECOUPLING CAPACITORS AND 
SCHOTTKY DIODET 


3-V OUTPUT 


FOR: Vcc = 12 V.R = 7200 0 
Vec = 10 V. R = 5600 2 
Vcc = 5V.R = 1600 2 


FIGURE 24. EXTERNAL REFERENCE CIRCUIT FOR TLC32044 


TThomson Semiconductors 
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TFLCO820A, TLCO820B, ADCO820B, ADCO820C 


Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL 
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES 


Advanced LinCMOS”™ Silicon-Gate 
Technology 


8-Bit Resolution 
Differential Reference Inputs 
Parallel Microprocessor Interface 


Conversion and Access Time Over 
Temperature Range 
Write-Read Mode .. . 1.18 us and 1.92 ys 
Read Mode... 2.5 ns Max 


No External Clock or Oscillator Components 
Required 


On-Chip Track-and-Hold 
Low Power Consumption . . . 50 mW Typ 
Single 5-V Supply 


TLCO820B is Direct Replacement for 
National Semiconductor ADCO820B/BC and 
Analog Devices AD7820L/C/U; 

TLCO820A is Direct Replacement for 
National Semiconductor ADCO820C/CC and 
Analog Devices AD7820K/B/T 


description 


The TLCO820A, TLCO820B, ADCO820B, and 


-ADCO820C are Advanced LinCMOS™ 8-bit 


Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 


analog-to-digital converters each consisting of 
two 4-bit ‘‘flash’’ converters, a 4-bit digital-to- 
analog converter, a summing (error) amplifier, 
control logic, and a result latch circuit. The 
modified ‘‘flash’’ technique allows low-power 
integrated circuitry to complete an 8-bit 
conversion in 1.18 us over temperature. The on- 
chip track-and-hold circuit has a 100 ns sample 
window and allows these devices to convert 
continuous analog signals having slew rates of 
up to 100 mV/us without external sampling 
components. TTL-compatible three-state output 
drivers and two modes of operation allow 
interfacing to a variety of microprocessors. 
Detailed information on interfacing to most 
popular microprocessors is readily available from 
the factory. 


D2873, SEPTEMBER 1986—REVISED FEBRUARY 1989 


ALL TYPES ... DW OR N PACKAGE 
TLCO820_M...J PACKAGE 


(TOP VIEW) 


TLCO820_M...FK PACKAGE 
TLCO820__I, TLCO820_C...FN PACKAGE 
ADC0820__Ci, ADCO820_C... FN PACKAGE 


(TOP VIEW) 
mz 
Yo 
—- 3 O 
- O 2 OO 
Qaadtd>2 
3 2 1 2019 
D21|4 18L] OFLW 
D315 174} D7 (MSB) 
WR/RDY [}6 16(] D6 


MODE )7 15|}D5 
RD Js 14[] D4 
10 11 
pian taut as 
rao | + [8 
Z2Z2uul0 
Ow w 
co 


NC —No internal connection 


The M-suffix devices are characterized for operation over the full military temperature range of — 55°C 
to 125°C. The I-suffix devices are characterized for operation from — 40°C to 85 °C. The C-suffix devices 
are characterized for operation from O°C to 70°C. See Available Options. 


PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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AVAILABLE OPTIONS 


SYMBOLIZATIONt OPERATING TOTAL 
PACKAGE TEMPERATURE UNADJUSTED 

SUFFIX RANGE ERROR 
TLCO820AC [| DW, FN, 0°C to 70°C +1 LSB 
~40°C to 85°C +1 LSB 
~55°C to 125°C +1 LSB 
0°C to 70°C +0.5 LSB 
~40°C to 85°C +0.5 LSB 
~55°C to 125°C +0.5 LSB 
0°C to 70°C +0.5 LSB 
-~40°C to 85°C +0.5 LSB 
0°C to 70°C +1 LSB 
-~40°C to 85°C +1 LSB 


TLCO820AI DW, FN, 
TLCO820AM DW, FK, 
TLCO820BC DW, FN, 


z 


TLCO820BI DW, FN, 
TLCO820BM DW, FK, 
ADC0820BC DW, FN, 
| ADCO820BCI | DW, FN, 
ADCO0820CC DW, FN, 
ADCO820CCI | DW, FN, 


Z2222£° 22°22 
2 


Tin many instances, these |Cs may have both TLCO820 and ADC0820 labeling 
on the package. 


functional block diagram 


(12) 4-BIT FLASH 
REF + aay a ANALOG-TO- a 
REF — . DIGITAL 
i CONVERTER (2) 
(4 MSBs) 
(3) 
(4) 
vor i 
DIGITAL- ene (5) 
ss TO-ANALOG 
CONVERTER "3-STATE (14) 
BUFFERS 
(15) 
4-BIT FLASH (16) 
ANALOG-TO- 49) 
r DIGITAL 
CONVERTER 
ANLG IN (1) +1 (4 LSBs) 
(7) 
MODE 
pas 6 7 
WRIRDY TIMING (9) 
_ (13) AND 
cS CONTROL 
__ (8) 
RD 
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D2 

D3 

D4 

D5 

D6 

D7 (MSB) 
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DIGITAL 
OUTPUTS 


TLCO820A, TLCO820B, ADCO820B, ADCO820C 
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL 
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES 


RIP 
NAME NUMBER DESCRIPTION 


01 
08 15 


D6 16 Three-state data output, bit 7 
D7 17 Three-state data output, bit 8 (MSB) 
GND__—+10 


In the WRITE-READ mode, the interrupt output, INT, going low indicates that the internal count-down delay time, 
td(int). is complete and the data result is in the output latch. tq(jnt) iS typically 800 ns starting after the rising 
edge of the WR input (see operating characteristics and Figure 3). If RD goes low prior to the end of tq(int). 
INT goes low at the end of tgpi, and the conversion results are available sooner (see Figure 2). INT is reset by the 
rising edge of either RD or CS. 
Mode-selection input. It is internally tied to GND through a 50-yA current source, which acts like a pull-down 


resistor. 

READ mode: Occurs when this input is low. 
WRITE-READ mode: Occurs when this input is high. 
No internal connection 


Normally the OFLW output is a logical high. However, if the analog input is higher than the Vpge +, OFLW 


will be low at the end of conversion. It can be used to cascade 2 or more devices to improve resolution (9 
or 10-bits). 


In the WRITE-READ mode with CS low, the 3-state data outputs DO through D7 are activated when RD goes 
low. RD can also be used to increase the conversion speed by reading data prior to the end of the internal 
count-down delay time. As a result, the data transferred to the output latch is latched after the falling edge of RD. 
In the READ mode with CS low, the conversion starts with RD going low. RD also enables the three-state 
data outputs upon completion of the conversion. The RDY output going into the high-impedance state and 


INT going low indicates completion of the conversion. 


REF — 11 This input voltage is placed on the bottom of the resistor ladder. 
REF + 12 This input voltage is placed on the top of the resistor ladder. 


Vcc 20 Power supply voltage 
WR/RDY 6 


In the WRITE-READ mode with CS low, the conversion is started on the falling edge of the WR input signal. 
The result of the conversion is strobed into the output latch after the internal count-down delay time, tq(int), 
provided that the RD input does not go low prior to this time. td(int) iS approximately 800 ns. 

In the READ mode, RDY (an open-drain output) will go low after the falling edge of CS, and will go into the 
high-impedance state when the conversion is strobed into the output latch. It is used to simplify the interface 
to a microprocessor system. 
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TLCO820A, TLCO820B, ADCO820B, ADcos20c 
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL 
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


TLCO820_M TLCO820_| TLCO820_C UNIT 
_ ADC0820__C!l | ADCO820__C 


Output It it touts ( Note 1) —0.2 to -—0.2 to —0.2 to y 
utput voitage range, ai outputs (see 
e ee ane . Vec +0.2 Vec +0.2 Vec +0.2 


[Case temperature for 60 seconds: FK package —=~=~=“‘*‘“*~*~‘“CSC*é‘iSCSC*dSC“‘(#N“SNSCNNN’CWWWC#C#CC CY 
[Case temperature for 10 seconds: FN package —=~SS~S~S~—TSCSCSSCS~*dSC*C*i 


26 
Lead temperature 1,6 mm (1/16 inch) from case 30 oC 
for 60 seconds: J package 

. 


60 
0 
Lead tem t 1,6 1/16 h) f 
ead temperature mm ( inch) from case 60 260 oC 
for 10 seconds: DW or N package 
NOTE 1: All voltages are with respect to network ground terminal, pin 10. 
TLCO820_M TLCO820_1 TLCO820__C 
-— ADCO0820__Cl _ ADC0820__C UNIT 
Supply voltage, Vcc 4.5 5 8] 4.5 5 8} 4.5 5 
Analog input voltage -0.1 Vec+0.1 | -0.1 Vec+0.1 | -0.1 Vcc +0.1 
; 


recommended operating conditions 


Positive reference voitage, Vref + VREF — Vec | Vrer- Vcc | VRer - Vcc 
High-level inpuf Vcc = 4.75 V| CS, WR/RDY, RD 2 2 
voltage, ViH to5.25V | MODE | 3.5 me eS 3.5 
Low-level input} Vcc = 4.75 V/ CS, WR/RDY, RD 0.8 0.8 0.8 i 
voltage, Vit to5.25Vv | MODE | 1.5 1.5 1.5 
Delay to next con ion, t 
a xt conversion, tg(NC) os 66 ms 
(see Figures 1, 2, 3, and 4) 
Delay time from WR to RD in write-read mode, 
0.4 0.4 0.4 us 
tdwR (see Figure 2) | 
Write-pulse duration in write-read mode, tww 
; 0.5 50 Ors 50 0.5 50 
(see Figures 2, 3, and 4) 
-ai 55 


Operating free-air temperature, Ta —-40 
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TLCO820A, TLCO820B, ADCO820B, ADCO820C 
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL 
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES 


electrical characteristics at specified operating free-air temperature, VCC = 5 V (unless otherwise noted) 


PARAMETER TEST CONDITONS MIN TYP? MAX UNIT 


= 4.75 NV, 
Full range 2.4 
= -360 pA o 


VOH_ High-level output voltage 


VoL Low-level output voltage ae V 
or WRIROY on = 1.6ma__ [26% | 


CS or RD Full range 0.005 1 


WH High-level input current 


WR/RDY 
VIH Vv 25°C 0.1 O33] yA 
MODE 


25°C 50 170 


= 5 
CS, WR/RDY, RD, 
We Low-level input current Vit = O Full range - 0.005 =] pA 
or MODE 
Vo = 5V 
So 25°C 0.1 0.3 
Any D or WR/RDY pA 
Vo = 0 
25°C -0.1 -0.3 
Any D, OFLW, INT, Full range 
eas Vo = 5V 
or WR/RDY 84 14 


Off-state (high-impedance 


state) output current 


yy Analog input current 


los  Short-circuit output current 


| 
| 
Any D or OFLW 
Vv 
INT 
Full range 125 6 
Rref Reference resistance kQ 
25°C 1.4 2.3 5.3 
CS 


J Supply current 
cc pee and RO at OV 25°C 


Any digital 
ANLG IN 
Any digital 


TAN typical values are at Ta = 25°C. 


Cj Input capacitance Full range 


Co Output capacitance Full range 
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Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL 
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operating characteristics, Vcc = 5 V, VReF+ = 5 V, VReF-— = O, tr = te = 20 ns, TA = 25°C 
(unless otherwise noted) 


TLCO820A 
PARAMETER ADCO0820C 


Supply voltage 
ksvs en aie +1/16 +1/4| LSB 
sensitivity 


Read mode ; : 
: : MODE pin at O V, See Figure 1 
conversion time. 


6 : 
Internal count- MODE pin at 5 V, Cy = 50 pF, 
td(int) 800 1300 800 1300 ns 
down delay time See Figures 3 and 4 
ee. “il t t t t 
taR Access time from RD! | MODE pin at O V, See Figure 1 cone s/c conv. SCORN 
+20 +50 +20 +50 


MODE pin at 5 V, 
Access time from RD! | tqwr < td(int). 
See Figure 2 
. MODE pin at 5 V, 


Access time from RDI | tqwr > td(int) 


C; = 100 pF 
See Figure 3 L ‘i 


talNT Access time from INT1 | MODE pin at 5 V, See Figure 4 20 50 20 50 


; ; eases RL = 1 kQ, CL = 
tdis Disable time from RDT 4 
See Figures 1, 2, 3, and 5 


Delay time from MODE pin at O V, CL 

CS! to RDY! See Figure 1 

Delay time from Ci = 50 oF, 

RD? to INTT See Figures 1, 2, and 3 

Delay time from MODE pin at 5 V, tdWR < tad(int)- 

RD! to INT! See Figure 2 

re Delay time from MODE pin at 5 V, Cy = 50 pF, 
WRT to INTT See Figure 4 


t Total unadjusted error includes offset, full-scale, and linearity errors. 


tdRDY 


tdRIH 


tdRIL 
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Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL 
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PARAMETER MEASUREMENT INFORMATION 


es —>| tdis 


FIGURE 1. READ MODE WAVEFORMS (MODE PIN LOW) 


RD i ee Ea Fe 


aia 9 —»| le— tari TE 
0) nennnne 2 an 5 ST eee =a 
taxi} fe || | — 


FIGURE 2. WRITE-READ MODE WAVEFORMS 


FIGURE 3. WRITE-READ WAVEFORMS 
[MODE PIN HIGH AND tgwr < td{int)! 


[MODE PIN HIGH AND tqwr > td(int)] 


jetewin feet je—rt-taincs 


J tatines l¢—taint 
DATA 
FIGURE 4. WRITE-READ MODE WAVEFORMS 
(STAND-ALONE OPERATION, MODE PIN HIGH, AND RD LOW) 
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PARAMETER MEASUREMENT INFORMATION 


TLC0820 Vcc Ble oer 
OR ak i 
r 
ADC0820 Vcc —- — 7 50% 
INPUT DATA RD r; 50% 
110% 
OUTPUT GND o 
—Pl tdis q— 


1 kQ 


VOH P . 
DATA 90% 
OUTPUTS 


GND 
= tr = 20 ns 
Vcc CL = 10 pF 
TLCO820 —p tr 
R i nee a 
- Pe 1 9£90% 
ADC0820 RD IF= 50% 
INPUT DATA GND 110% 
OUTPUT a be Age 
Vcc 


CL 


TEST CIRCUIT 


DATA 
OUTPUTS "a 
} VoL ie 


tr = 20 ns 


VOLTAGE WAVEFORMS 


FIGURE 5. TEST CIRCUIT AND VOLTAGE WAVEFORMS 
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PRINCIPLES OF OPERATION 


The TLCO820A, TLCO820B, ADCO820B and ADCO820C each employ a combination of ‘‘sampled-data’’ 
comparator techniques and ‘‘flash’’ techniques common to many high-speed converters. Two 4-bit ‘‘flash’’ 
analog-to-digital conversions are used to give a full 8-bit output. 


The recommended analog input voltage range for conversion is —0.1 V to Vcc +0.1 V. Analog input signals 
that are less than VREF-— + % LSB or greater than VRgF+ — % LSB convert to OOOOOOOO or 11111111 
respectively. The reference inputs are fully differential with common-mode limits defined by the supply rails. 
The reference input values define the full-scale range of the analog input. This allows the gain of the ADC to 
be varied for ratiometric conversion by changing the VREF+ and VREF — voltages. 


The device operates in two modes, read (only) and write-read, which are selected by the MODE pin (pin 7). 
The converter is set to the read (only) mode when pin 7 is low. In the read mode, the WR/RDY pin is used 
as an output and is referred to as the ‘‘ready’’ pin. In this mode, a low on the ‘‘ready’’ pin while CS is low 
indicates that the device is busy. Conversion starts on the falling edge of RD and is completed no more than 
2.5 us later when INT falls and the ‘‘ready’’ pin returns to a high-impedance state. Data outputs 
also change from high-impedance to active states at this time. After the data is read, RD is taken high, INT 
returns high, and the data outputs return to their high-impedance states. 


The converter is set to the write-read mode when pin 7 is high and WR/RDY is referred to as the ‘‘write’’ pin. 
Taking CS and the ‘‘write’’ pin low selects the converter and initiates measurement of the input signal. 
Approximately 600 ns after the ‘‘write’’ pin returns high, the conversion is completed. Conversion starts on 
the rising edge of WR/RDY in the write-read mode. 


The high-order 4-bit ‘‘flash’’ ADC measures the input by means of 16 comparators operating simultaneously. 
A high precision 4-bit DAC then generates a discrete analog voltage from the result of that conversion. After 
a time delay, a second bank of comparators does a low-order conversion on the analog difference between 
the input level and the high-order DAC output. The results from each of these conversions enter an 8-bit latch 
and are output to the three-state buffers on the falling edge of RD. 


TEXAS 4 


INSTRUMENTS F117 


POST OFFICE BOX 655012 « DALLAS, TEXAS 75265 


TLEO820A, TLCO820B, ADCO820B, ADCO820C 
Advanced LinCMOS™ HIGH-SPEED 8-BIT ANALOG-TO-DIGITAL 
CONVERTERS USING MODIFIED “FLASH” TECHNIQUES 


TYPICAL APPLICATION DATA 


CS (13) as (20) Ly 
a a) ee anc (1) ania 
! 
He 
a 
wPio2 | 
Bus[p3 0.1 uF 
a an 
fos 
los 
jo7 pote 
jos = 
OFL 
0.1 uF 


FIGURE 6. CONFIGURATION FOR 9-BIT RESOLUTION 
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D2982, FEBRUARY 1987 —REVISED JANUARY 1989 


@ Advanced LinCMOS™ Technology J OR N DUAL-IN-LINE PACKAGE 


Prone ; ; (TOP VIEW) 
e Self-Calibration Eliminates Expensive 


Trimming at Factory and Offset Adjustment ANLG Vcc - U28[] DGTL Vcc 
in the Field IN— LJ2 D12 
; Ata b IN+ L]3 D11 
@ 12-Bit Plus Sign Bipolar or 12-Bit Unipolar ANLG GND [14 D10 
e +1/2 and +1 LSB Linearity Error in Unipolar REF (]5 D9 
Configuration : ANLG Vcc + LI6 D8 
TIE HIGH LJ? D7 
e 10 us Conversion Time (clock = 2.6 MHz) CLK In C8 D6 1/0 
@ Compatible with All Microprocessors WR L]9 D5/DI5 BES 
, CS L]J10 D4/Dl4 
e True Differential Analog Voltage Inputs RD (11 D3/D13 
@ 0 to 5 V Analog Voltage Range with Single DGTL GND D2/Di2 
5-V Supply (Unipolar Configuration) READY OUT[]13_—16{ J D1/DI1 


INT {}14 15] DO/DI 
e —5Vto 5 V Analog Voltage Range with : EEPQD lO 


+5-V Supplies (Bipolar Configuration) 


@ Low Power...25 mW Maximum 


description 


The TLC1225A and TLC1225B converters are manufactured with Texas Instruments highly efficient Advanced 
LinCMOS™ technology. Either of the TLC1225A or TLC1225B CMOS analog-to-digital converters can be 
operated as a unipolar or bipolar converter. A unipolar input(0 to 5 V) can be accommodated with a single 5-V 
supply; a bipolar input (—5 V to 5 V) requires the addition of a 5-V negative supply. Conversion is performed 
via the successive-approximation method. The TLC1225A and TLC1225B output the converted data in a 
parallel word and interfaces directly to a 16-bit data bus. Negative numbers are given in the two’s complement 
data format. All digital signals are fully TTL and CMOS compatible. 


These converters utilize a self-calibration technique by which seven of the internal capacitors in the capacitive 
ladder of the A/D conversion circuitry can be automatically calibrated. The internal capacitors are calibrated 
during anonconversion, capacitor-calibrate cycle in which all seven of the internal capacitors are calibrated at 
the same time. A conversion requires only 10 us (2.6 MHz clock) after the nonconversion, capacitor- 
calibrating cycle has been completed. The calibration or conversion cycle may be initiated at any time by 
issuing the proper command word to the data bus. The self-calibrating technique eliminates the need for 
expensive trimming of thin-film resistors at the factory and provide excellent performance at low cost. 


~ The TLC1225AM and TLC1225BM are characterized for operation over the full military temperature range of 
~55°C to 125°C. The TLC1225Al and TLC1225BI are characterized for operation from —40°C to 85°C. 


Advanced LinCMOS™ is a trademark of Texas Instruments Incorporated 


PRODUCT PREVIEW documents contain information . Copyright © 1987, Texas Instruments Incorporated 

on products in the formative or design phase of Y } 

sever spment CRALaTeeistle Dab ane other F-119 
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functional block diagram 


ANLG Vcc — 


F-120 


IN + 


IN — 
REF 


1/0 BUS 


TIE HIGH 


3| a1 3 


RD 
READY OUT 


13-BIT 
CAPACITOR DAC 
. AND‘S/H 


8-BIT 
CALIBRATION 
DAC — 


CALIBRATION | 
DAC 


‘ ar 
oy 
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MICROPROCESSOR 


8-BIT SWITCH 
CONTROL 


8-BIT SAR 


REGISTER 1 
REGISTER 2 


8-WORD 
RAM 
ADDRESS | ADDRESS 
COUNTER | COUNTER 
1 2 


. CLOCKS 


NPUT DATA LATCHES 


i 


CONTROL 
ROM 


PROGRAM 
COUNTER 


--|--|- 
| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 
Le 


TLO1225A, TLC1225B 
SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR 
ANALOG-TO-DIGITAL CONVERTERS 
operation description 
calibration of comparator offset 


The following actions are performed to calibrate the comparator offset: 


1. The IN+ and IN— inputs are internally shorted together in order that the comparator input is zero. A 
course comparator offset calibration is performed by storing the offset voltages of the interconnecting 
comparator stages on the coupling capacitors that connect these stages. Refer to Figure 1. The storage 
of offset voltages is accomplished by closing all switches and then opening switches A and A’, then 
switches B and B’, and then C and C’. This process continues until all interconnecting stages of the 
comparator are calibrated. After this action, some of the comparator offset still remains uncalibrated. 


GND GND GND 
A J B J Cc | 


— 
— 
* lene ° law ° lene 


FIGURE 1 


2. An A/D conversion is done on the remaining offset with the 8-bit calibration DACs and 8-bit SAR and the 
result is stored in the RAM. 


capacitor calibration of the ADC’s capacitive ladder 


The following actions are performed to calibrate capacitors in the 13-bit DACs that comprise the ADC's 
Capacitive ladder: . 


1. The IN+ and IN— inputs are internally disconnected from the 13-bit capacitive DACs. 

2. The most significant bit (MSB) capacitor is tied to REF, while the rest of the ladder capacitors are tied to 
GND. The A/D conversion result for the remaining comparator offset, obtained in Step 2 above, is 
retrieved from the RAM and is input to the 8-bit DACs. 

3. Step 1 of the Calibration of Comparator Offset sequence is performed. The 8-bit DAC input is returned to 
zero and the remaining comparator offset is then subtracted. Thus, the comparator offset is completely 
corrected. , 

4. Now the MSB capacitor is tied to GND, while the rest of the ladder capacitors, Cy, are tied to REF. An 
MSB capacitor voltage error (see Figure 2) on the comparator output will occur if the MSB capacitor 
does not equal the sum of the other capacitors in the capacitive ladder. This error voltage is converted to 
an 8-bit word from which a capacitor error is computed and stored in the RAM. 

5. The capacitor voltage error for the next most significant capacitor is calibrated by keeping the MSB 
Capacitor grounded and then performing the above Steps 1-4 while using the next most significant 
Capacitor in lieu of the MSB capacitor. The seven most significant capacitors can be calibrated in this 
manner. 
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Vref (Step 3) 
GND (Step 4) 


ce © 


Seles 
CMSB + Cx 


MSB CAPACITOR 
VOLTAGE ERROR 
(Step 4) 


GND (Step 3) 
Vref (Step 4) 


FIGURE 2 


analog-to-digital conversion 
The following steps are performed in the analog-to-digital conversion process: 


1. Step 1 of the Calibration of Comparator Offset Sequence is performed. The A/D conversion result for the 
remaining comparator offset, which was obtained in Step 2 of the Calibration of Comparator Offset, is 
retrieved from the RAM and is input to the 8-bit DACs. Thus the comparator offset is completely 
corrected. 

2. IN+ and IN— are sampled onto the 13-bit capacitive ladders. 

3. The 13-bit analog-to-digital conversion is performed. As the successive-approximation conversion 
proceeds successively through the seven most significant capacitors, the error-for each of these 
Capacitors is recovered from the RAM and accumulated in a register. This register controls the 8-bit 
DACs so the total accumulated error for these capacitors is subtracted out during the conversion 
process. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage (ANLG VCc+ and DGTL Vcc) (see Note 1)... 6... ee ee bie fa Qeieg 15V 
SUPOIY VOllade sANEG VCC x: 2% 4.25. ates pnd dab o fuk ag ae aS waite a ae @ ee eh ee tae —-15V 
Control and Clock input voltage range ............... AR rt en eee -0.3Vto+15V 
Analog input (IN+, IN—) voltage range, | 

Mia ANG: Vis... acca give te rave aed ie dea eee aes ANLG Vcc~— —0.3 V to ANLG Voc+ +0.3 V 
Reference voltage range, Vref .. 6... ene —0.3 V to ANLG Voc+ +0.3 V 
Pin:? Voltage range: VOS: «8-4 reed dace pale he ae eS eed ees —0.3 V to ANLG Voc+ +0.3 V 
OUIPULVONAGS Tange. sy) ou ak Seas, 44a Si ara ed ee hg ee —0.3 V to DGTL Vcc +0.3 V 
INDUPCULERTADOn Dill)’: o's heer vise owls koe ae BA MU ele be Aaa ae ae Beton ere es Bare ace . t5mA 
Input current (per DaCKage): oss wells Sew eae A a ee we ye EO RE a Be +20 mA 
Operating free-air temperature range: 

TEC V225AM, TEN O25 BM) ciao hee Ate eee eR de ee Sed ee EE —-§5°C to 125°C 

TMUCT2Z2ZSAl, TES L225 Ble 2g ok og Se EAE oa NS Dew Beas es Koes —40°C to 85°C 
Slorade temperature TANGE ine cick ew ed WO OS POR Gh EA AR GM CORE HES —65°C to 150°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: J package ............. 900°C 
Lead temperature 1,6 mm (1/16 inch) from the case for 10 seconds: N package ............ 260°C 


NOTE 1: All analog voltages are referred to ANLG GND and all digital voltages are referred to DGTL GND. 
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SELF-CALIBRATING 12-BIT-PLUS-SIGN UNIPOLAR OR BIPOLAR 
: ANALOG-TO-DIGITAL CONVERTERS 


recommended operating conditions 


MIN 
ANLG Voc+ 4.5 6 bt 
Vv 


Supply voltage ANLG Voc— ~5.5 ANLG GND 
DGTL Vcc 4.6 6 


High-level input voltage, Vip, all digital inputs except CLK IN 
(VCC = 4.75 V to 5.25 V) 


Low-level input voltage, Vj,, all digital inputs except CLK IN 
(Vcc = 4.75 V to 5.25 V) 


Bipolar range 
Clock input frequency, folock 
Pulse duration, CS and WR both low, tw (CS-WR) 50 ns 


Setup time before WRf or CSt, tsy 50 ns 


Hold time after WRft or CSF, th 50 ns 
Operating free-air temperature, T pee Meee Meee oe ie? 1c 
: ure, 
Eanes P A TLC1225Al, TLC1225BI ~40 85 | 


electrical characteristics over recommended operating free-air temperature range, 
ANLG Vcc+ = DGTL Vcc = Vref = 5 V, ANLG VCcc— = —5 V (for bipolar input range), 
ANLG VCC — = ANLG GND (for unipolar input range) (unless otherwise noted) (see Note 2) 


UNIT 


PARAMETER TEST CONDITIONS 


Mi MAX 
2.4 
High-level output voltage a5 
2.7 3 
1.4 2 
1 


0 |0|O 
It i! 
a | 
3 = 
> foe) 

3 

> 

= 

ro) 
p> 


Low-level output voltage 


a4} MO 
oO; — 


WA 


V 
V 
Twa 


ce 


< 
oO 
ut 


High-impedance-state 
Output leakage current 


< 
O 
y 

on 

< 


7) 
G) 
4 
fm 
oO 
O 
wo 
Cc 
xe} 
Go 
< 
2) 
= 
o 
= 
3 
=| 
O 
q) 
4 
rT 
< 
QO 
oO 
oh 
x 
i 
N 
cep) 
= 
— 
~ 
O 
” 
|| BI 
=. 
oO }aQ 
Jia 


QO 
n 
2. 


ANLG Ioc+ Supply current from ANLG Voc + folk = 2.6 MHz, — 


5 
1 
3 
3 
3 


ANLG Icc-— Supply current from ANLG Voc— folk = 2.6 MHz, CS high ~ 
NOTE 2: Bipolar input range is defined as: Vj4 = —5.05 Vto 5.05 V, Vj. = —5.05 V to 5.05 V, and| V) 4. - Vj— | = 5.05 V. The unipolar input 
voltage range is defined as: Vi, = —0.05V to 5.05 V, Vir = —0.05 V to 5.05 V, and|Vj4 -— Vi-| s 5.05 V. 
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operating characteristics over recommended operating free-air temperature range, 

ANLG Vcc+ = DGTL Vcc = Vref = 5 V, ANLG Vec— = —5V (for bipolar input range), 
ANLG Vcc — = ANLG GND (for unipolar input range), felock = 2.6 MHz (unless otherwise 
noted) (see Note 2) 


PARAMETER 


TEST CONDITIONS MIN, MAX | UNIT 
Unipolar input range |TECTB2BA eee 
a peter input teng® |ricvasse 
EE Linearity error = LSB 


ae ero 8 8 
full-scale error (see Note 3) 
Adjusted positive and negative ; LSB 


Bipolar input range + 
full-scale error (see Note 4) Bpoerimowerce 


Temperature coefficient of gain 


1.5} ppm/°C 
+0.75 
LSB 


Temperature coefficient of offset point 


zero error 


Positive and negative ANLG Voc+ = 5 V + 5%, 
full-scale error ANLG Vcc- = -5 V + 5%, 
DGTL Vcc =5V+5% 


Linearity error 


Supply voltage 


K 
SVS sensitivity 


clock 
cycles 
Access time (delay from falling edge of 
( y 9 ecg CL = 100 pF 110 ns 


CS:RD to data output) 


Disable time, output (delay from rising Ru = 10 kQ, Cy = 10 pF 
edge of RD to high-impedance state RL = 2.kQ, C_ = 100 pF | BOY 


140 ns 
td (INT RD or WR to reset of INT delay . 400} ns 
NOTES: 2. Bipolar input range is defined as: Vj, = —5.05 V to 5.05 V, Vj_ = —5.05 V to 5.05 V, and |Vj 4. —Vj~| s 5.05 V. The unipolar input 
voltage range is defined as: Vj4. = —0.05 V to 5.05 V, Vj = —0.05 V to 5.05 V, and |V}, —V)_| s 5.05 V. 


3. See the Positive and Negative Full-Scale Adjustment section, Unipolar Inputs. 
4. See the Positive and Negative Full-Scale Adjustment section, Bipolar Inputs. 
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}¢ >} INPUT SAMPLING 
| \¢—bi— CONVERSION 


| 
| 
l td(INT) —¢—D : 
| | 
INT | \ | q 7 
| | 
ke-PI— td (READY) }¢Pt-td(READY) 
td(READY)—+e¢-pI | : tdREADY) —e-py | | 
| 
READY / | \ / \ 1 7 \ 
| 
he——P}—th | lo} tis 
tsu—} le— | ta—le—> 1 
COMMAND TO CALIBRATE COMMAND TO 
7 CAPACITORS & OFFSET INITIATE CONVERSION 


(REQUIRES 105 CLOCK CYCLES) 
. FIGURE 3. TIMING DIAGRAM 
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PARAMETER MEASUREMENT INFORMATION 


DGTL 
Vcc 


Vcc 
ie BD: ee pe 2 
‘0 
CL RL | GND 


lead 
= 
n 


VOH 90% 
= DATA OUTPUT 


DGTL GND 


Vcc 
DATA RD 50% 


Cy GND 


Vcc 
= = DATA OUT 


| VOL 
FIGURE 4. LOAD CIRCUITS AND WAVEFORMS 


| PRINCIPLES OF OPERATION 
power-up calibration sequence 


Power-Up calibration is not automatic and calibration is initiated by writing contro! words to the six least 
significant bits of the data bus. If addressed or initiated, conversion can begin after the first clock cycle. 
However, full A/D conversion accuracy is not established until after internal capacitor calibration. 


conversion start sequence 


The writing of the conversion command word to the six least significant bits of the data bus, when either CS or 
WR goes high, initiates the conversion sequence. | 


analog sampling sequence 


Sampling of the input signal occurs during clock cycles 3 thru 10 of the conversion sequence. 


completed A/D conversion 


When INT goes low, conversion is complete and the A/D result can be read. A new conversion can begin 
immediately. The A/D conversion is complete at the end of clock cycle 27 of the conversion sequence. 


aborting a conversion in process and beginning a new conversion 


lf a conversion is initiated while a conversion sequence is in process, the ongoing conversion will be aborted 
and anew conversion sequence will begin. 


reading the conversion result 


When both CS and RD go low, all 13 bits of conversion data are output to the I/O bus. The format of the output 
is extended sign with 2’s complement, right justified data. For both unipolar and bipolar cases, the sign bit 
012 is low if Vj4. — Vj— is positive and high if Vj4_ — V|— is negative. 
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general 
reset INT 


When reading the conversion data, the falling edge of the first low-going combination of CS and RD will reset 
INT. The falling edge of the low-going combination of CS and WR will also reset INT. 


ready out 


For high-speed microprocessors, READY OUT allows the TLC1225 to insert a wait state in the 
microprocessor’s read or write cycle. 


reference voltage (Vref) 


This voltage defines the range for | Viz. — Vj— |. When | Vj+ — V|— | equals Vref, the highest conversion data 
value results. When | Vj4. — Vj— | equals 0, the conversion data value is zero. Thus, for a given input, the 
conversion data changes ratiometrically with changes in Vref. 


TIE HIGH 
This pin is a digital input and should be tied high. 


calibration and conversion considerations 


Calibration of the internal capacitor and A/D conversion are two separate actions. Each action is 
independently initiated. A calibration command that calibrates all seven internal capacitors is normally issued 
before conversion. A conversion command then initiates the A/D conversion. Subsequent conversions can be 
performed by issuing additional conversion commands. The calibration and conversion commands are totally 
independent from one another and can be initiated in any order. Calibration and conversion commands 
require 105 and 27 clock cycles, respectively. 3 


The calibrate and conversion commands are initiated by writing control words on the six least significant bits 
of the data bus. These control words are written into the IC when either CS or WR goes high. The initiation of 
these commands is illustrated in the Timing Diagram. The bit patterns for the commands are shown in 
Table 1. | 


TABLE 1. CONVERSION COMMANDS 
a ee 1/O BUS REQUIRED NUMBER 
COMMAND CS + WR 
fee 


a 
TCalibration is lost when clock is stopped. 


analog inputs 
differential inputs provide common-mode rejection 


The differential inputs reduce common-mode noise. Common-mode noise is noise common to both IN+ and 
IN— inputs, such as 60-Hz noise. There is no time interval between the sampling of the IN+ and IN— so these 
inputs are truly differential. Thus, no conversion errors result from a time interval between the sampling of the 
IN+ and IN— inputs. 


input bypass capacitors 


Input bypass capacitors may be used for noise filtering. However, the charge on these bypass capacitors will 
be depleted during the input sampling sequence when the internal sampling capacitors are charged. Note 
that the charging of the bypass capacitors through the differential source resistances must keep pace with the 
charge depletion of the bypass capacitors during the input sampling sequence. Higher source resistances 
reduce the amount of charging current for the bypass capacitors. Also, note that fast, successive conversion 
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will have the greatest charge depletion effect on the bypass capacitors. Therefore, the above phenomenon 
becomes more significant as source resistances and the converssion rate (i.e., ae clock frequency and 
conversion initiation rate) increase. 


In addition, if the above phenomenon prevents the bypass capacitors from fully charging between 
conversions, voltage drops across the source resistances will result due to the ongoing bypass capacitor 
charging currents. The voltage drops will cause a conversion error. Also, the voltage drops increase with 
higher | Vi+ — V\— | values, higher source resistances, and lower charge on the bypass capacitors (i.e., faster 
conversion rate). 


For low-source-resistance applications (Rsource < 100 ©), a 0.001-uF bypass capacitor at the inputs will 
prevent pickup due to the series lead inductance of a long wire. A 100-2 resistor can be placed between the 
capacitor and the output of an operational amplifier to isolate the capacitor from the operational amplifier. 


input leads 


The input leads should be kept as short as possible, since the coupling of noise and digital clock signals to the 
inputs can cause errors. 


power supply considerations 


Noise spikes on the VCC lines can cause conversion error. Low-inductance tantalum capacitors (> 1 WF) with 
short leads should be used to bypass ANLG Vcc and DGTL Vcc. A separate regulator for the TLC1225A or 
TLC1225B and other analog circuitry will greatly reduce digital noise on the supply line. 


positive and negative full-scale adjustment 


unipolar inputs 


Apply a differential input voltage that is 0.5 LSB below the desired analog full-scale voltage (VFs) and adjust 
the magnitude of the REF input so that the output code is just changing from 0111111111110 to 
0111111111111. If this transition is desired for a different input voltage, the reference voltage can be 
adjusted accordingly. 


bipolar inputs 
First, follow the procedure for the unipolar case. 


Second, apply a differential input voltage so that the digital output code is just changing from 
1 0000 0000 0001 to 1 0000 0000 0000. Cail this actual differential voltage Vx. The ideal differential voltage 
for this transition is: 


VFS | — ) 


“NES 
oS 8192 


The difference between the actual and ideal differential voltages is: 


Delta = Vx —-{- 


Then apply a differential input voltage of: 
Delta (3) 


and adjust Vref so the digital output code is just changing from 1 0000 0000 0001 to 1 0000 0000 0000. ws 
procedure produces positive and negative full-scale transitions with symmetrical minimum error. 
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TYPICAL APPLICATIONS 


(4095) 0 1111 1111 1111 


(4094) 0 1111 1111 1110 pone 
FULL-SCALE 
TRANSITION 
ZERO TRANSITION = - 
- 
- 
- 
- 
ws (2) 0 0000 0000 0010 cing OO 
rs (1) 0 0000 0000 0001 
ne (0) 0 0000 0000 0000 
E : 
a Vig 41111 1111 1111 (-1) + Vref 
2 11111 1111 1110 (—2) 
aA 
- 
- 


1 0000 0000 0001 (- 4095) 
NEGATIVE FULL-SCALE TRANSITION 1 0000 0000 0000 ( - 4096) 


ANALOG INPUT VOLTAGE [Vin( +) — Vin(—)) 


FIGURE 5. TRANSFER CHARACTERISTIC 


(~) SIGNAL IN 


SEE NOTE A 


SIGNAL GND 


= POWER GND 


NOTES: A. The analog input must have some current return path to ANALOG GND. 
B. Bypass capacitor leads must be as short as possible. 


FIGURE 6. ANALOG CONSIDERATIONS 
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TYPICAL APPLICATIONS (Continued) 


5 V 


IN(+)  ANLG Vcc 4+ 


TLC1225A 
TLCO1225B 


FIGURE 7. INPUT PROTECTION 


5 V 


SEE NOTE B 
500 22 
ZERO 
ADJ 


IN( +) ANLG Vcc + 


IN(—) SEE NOTE A 


DGTL Vcc 


TLC1225A 
TLC1225B 


500 2 


3.9 kQ 


TIE HIGH } 


Vret 


NOTES: A. Vj~ = 0.15 x ANLG Voc +. 
B. 15% of ANALOG Vcc = VxpR s 85% of ANALOG Vcc. 


FIGURE 8. OPERATING WITH RATIOMETRIC TRANSDUCERS 
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D3008, SEPTEMBER 1986— REVISED OCTOBER 1988 


@ Advanced LinCMOS™ Silicon-Gate D OR N PACKAGE 
Technology (TOP VIEW) 


Easily Interfaced to Microprocessors 
On-Chip Data Latches 


Monotonic over the Entire A/D Conversion © 
Range 


@® Segmented High-Order Bits Ensure Low- 
Glitch Output . 


@ Designed to be Interchangeable with Analog 
Devices AD7524, PMI PM-7524, and Micro 


FN PACKAGE 
Power Systems MP7524 (TOP VIEW) 
@ Fast Control Signaling for Digital Signal N= 
ae : ae oO uw 
Processor Applications Including Interface 2 a Y ew 
with TMS320 aes 
4.2 1°.20-19 


18 |] VoD | 


KEY PERFORMANCE SPECIFICATIONS GND [4 


Resolution 8 Bits DB7 U5 7 WR 
Linearity error ~ Y% LSB Max NC [6 16U NC 
Power dissipation DB6 |}? '8U CS 
at Vpp = 5 V 5 mW Max DB5 1/8 14|] DBO 
Settling time 100 ns Max alos 
Propagation delay 80 ns Max a 3 S a es 
Qa Oa 


NC —No internal connection 


description 


The TLC 7524 is an Advanced LinCMOS™ 8-bit digital-to-analog converter (DAC) designed for easy interface 
to most popular microprocessors. 


The TLC7524 is an 8-bit multiplying DAC with input latches and with a load cycle similar to the ‘‘write’’ 
cycle of a random access memory. Segmenting the high-order bits minimizes glitches during changes in 
the most-significant bits, which produce the highest glitch impulse. The TLC7524 provides accuracy to 
¥% LSB without the need for thin-film resistors or laser trimming, while dissipating less than 5 milliwatts 
typically. 


Featuring operation from a 5-V to 15-V single supply, the TLC 7524 interfaces easily to most microprocessor 
buses or output ports. Excellent multiplying (2 or 4 quadrant) makes the TLC 7524 an ideal choice for many 
microprocessor-controlled gain-setting and signal-control applications. 


The TLC75241I is characterized for operation from — 25°C to 85°C, and the TLC7524C is characterized 
for operation from O°C to 70°C. 


Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 


PRODUCTION DATA documents contain information . Copyright © 1986, Texas Instruments Incorporated 
current as of publication date. Products conform to yi 

specifications per the terms of Texas instruments TEXAS 

standard warranty. Production processing does not F-131 
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functional block diagram 


Vpp 


GND 


=| 9 


DATA INPUTS 


operating sequence 


re Neus eg et thiCs) 
l 


= 
eS \ oo | / 

| 

}¢————- tw(WR)-———_——_ > 

t | 


| 
= RS | 
}¢— tsu(D) —>I 
+>} — th(D) 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vpp.................005 NC ee ee eee eer -0.3 V to 16.5 V 
Digital input voltage, Vj) ..............0.0 02s Rada angst le 66 oy On esha lets —-0.3 V to Vpp + 0.3 V 
Reference: voltage; Viet is daw niewen SMEG EES eee PEER eee hye ke EGA PRES eS +25 V 
Peak-digital inbUt:CUMERT, Wocss oan dws os aaa oes Sa ee Se Re SAS oH es oa eae s 10 pA 
Operating free-air temperature range: TLC75241 .......20. 0... 0.00.02 ee eee — 25°C to 85°C 

TEC TO ZAG: ie oe ciated Gh ica We Re eat ek oR 0°C to 70°C 
Storage temperature range ......... 0... eee —65°C to 150°C 
Case temperature for 10 seconds: FN package............ 20... 2. eee eee ee ee 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: Dor N package ........ 260°C 


recommended operating conditions 


Vpp = 5V Vpp = 15 V 
MIN NOM MAX 


+10 
5 


High-level input voltage, Vj} 13: 


electrical characteristics over recommended operating free-air temperature range, Vref = +10 V, 
OUT1 and OUT2 at GND (unless otherwise noted) 


PARAMETER TEST CONDITIONS Vop = 15 
MIN. TYP MAX | MIN. TYP MAX 


DBO-DB7 atO V, WR, CS atOV, 
ouUTI +400 +200 
DBO-DB7 at Vpp. WR, CS atOV, 
OUT2 : +400 + 200 


DBO-DB7 at Vinmin or Vitmax 
IDD Supply current 
DB0-0B7 at 0 V or Vp [500 | —SS~S OY 


500 
Supply voltage sensitivity, 
ksyvs AVpp = +10% 0.01 0.16 0.005 0.04}; %FSR/% 
Again/AVpp 
Input Capacitance, 
C; sas Se Vv; = 0 5 
'_pBo-pB7, WR, CS | a ae 


=i aaa) ere aR: 
Co Output capacitance DBO-DB7 at O V 30 30 
OUT2 
OUT1 


Output leakage 


| 
Ikg current 


ce arse F 
WR and CS at 0 V 


= Output capacnance OUT! | BB0-D87 at Vpn. 20 of 
OUT? _| WA and C5 at 0 V 


Reference input impedance 5 
~ (Pin 15 to GND) - 
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Vpp = 5V Vpp = 15 V 
MIN TYP MAX | MIN TYPt MAX 
. is6 


Propagation delay from 
digital input to 90% of 
final analog output current 


Feedthrough at OUT1 or OUT2 


Vref = +10 V (100-kHz sinewave) 
WR and CS at 0 V, DBO-DB7 at O V 


Temperature coefficient of gain | Ta = 25°C to MAX 


NOTES: 1. Gain error is measured using the internal feedback resistor. Nominal Full Scale Range (FSR) = Vre¢ — 1 LSB. 


2. OUT1 load = 100 2, Cext = 13 pF, WR at O V, CS at O V, DBO-DB7 at O V to Vpp or Vpp to O V. 


principles of operation 


The TLC7524 is an 8-bit multiplying D/A converter consisting of an inverted R-2R ladder, analog switches, 
and data input latches. Binary weighted currents are switched between the OUT1 and OUT2 bus lines, 
thus maintaining a constant current in each ladder leg independent of the switch state. The high-order 
bits are decoded and these decoded bits, through a modification in the R-2R ladder, control three equally 
weighted current sources. Most applications only require the addition of an external operational amplifier 
and a voltage reference. | 


The equivalent circuit for all digital inputs low is seen in Figure 1. With all digital inputs low, the entire 
reference current, lref, is switched to OUT2. The current source I/256 represents the constant current 
flowing through the termination resistor of the R-2R ladder, while the current source likg represents leakage 
currents to the substrate: The capacitances appearing at OUT1 and OUT2 are dependent upon the digital 
input code. With all digital inputs high, the off-state switch capacitance (30 pF maximum) appears at OUT2 
and the on-state switch capacitance (120 pF maximum) appears at OUT1. With all digital inputs low, the 
situation is reversed as shown in Figure 1. Analysis of the circuit for all digital inputs high is similar to 
Figure 1; however, in this case, lre¢ would be switched to OUT1. 


Interfacing the TLC7524 D/A converter to a microprocessor is accomplished via the data bus and the CS 
and WR control signals. When CS and WR are both low, the TLC7524 analog output responds to the data 
activity on the DBO-DB7 data bus inputs. In this mode, the input latches are transparent and input data 
directly affects the analog output. When either the CS signal or WR signal goes high, the data on the 
DBO-DB7 inputs are latched until the CS and WR signals go low again. When CS is high, the data inputs 
are disabled regardless of the state of the WR signal. 


The TLC7524 is capable of performing 2-quadrant or full 4-quadrant multiplication. Circuit configurations 
for 2-quadrant or 4-quadrant multiplication are shown in Figures 2 and 3. Input coding for unipolar and 
bipolar operation are summarized in Tables 1 and 2, respectively. 
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principles of operation (continued) 


RFB 
R 
OUT1 
likg if T 30 pF 
let —> 
REF OUT2 


‘a pF 


FIGURE 1. TLC7524 EQUIVALENT CIRCUIT WITH ALL DIGITAL INPUTS LOW 


Vref VbdbD 


Ra = 2k 
(See Note 3) 


DB0-DB7 Cae 


C (See Note 4) 


OUTPUT 


Z| 3 


FIGURE 2. UNIPOLAR OPERATION (2-QUADRANT MULTIPLICATION) 


Vref Voo 


Ra = 2k 
(See Note 3) 


Cc 


(See Note 4) OUTPUT 


DBO-DB7 Le 


S| o| 
> ¢) mn? 2) 


FIGURE 3. BIPOLAR OPERATION (4-QUADRANT OPERATION) 


NOTES: 3. Ra and Rg used only if gain adjustment is required. 
4. C phase compensation (10-15 pF) is required when using high-speed amplifiers to prevent ringing or oscillation. 
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principles of operation (continued) 


TABLE 1. UNIPOLAR BINARY CODE 


DIGITAL INPUT 
(SEE NOTE 5) ANALOG OUTPUT 
MSB LSB 


11111111 —Vret (255/256) 
10000001 — Vref (129/256) 


10000000 ~ Veet (128/256) = —Vre¢/2 
01111111 ~ Vref (127/256) 

00000001 ~ Vref (1/256) 

00000000 0 


NOTES: 5. LSB = 1/256 (Vye¢). 
6. LSB = 1/128 (Vref). 


microprocessor interfaces 


7; 


FIGURE 4. TLC7524—2Z-80A INTERFACE 


DECODE 
LOGIC 


AN 


TABLE 2. BIPOLAR (OFFSET BINARY) CODE 


DIGITAL INPUT 
(SEE NOTE 6) 


MSB LSB 


11111111 
10000001 
10000000 
01111111 
00000001 
00000000 


DATA BUS 


ADDRESS BUS 


DATA BUS 


DBO-DB7 | 
WR TLC7524 


cs 


DBO-DB7 
WR TLC7524 


ANALOG OUTPUT 


Vref (127/128) 
Vref (1/128) 
¢) 
— Vref (1/128) 
— Vref (127/128) 


— Vref 


OUT1 


OUT2 


OUT1 


OUT2 


DECODE 
LOGIC 


A 


ADDRESS BUS 


FIGURE 5. TLC7524—6800 INTERFACE 
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microprocessor interfaces (continued) 


ADDRESS BUS > | 


DECODE 


LOGIC 
a a ae 


cs 

: OUT1 
WR TLC7524 

OUT2 

DBO-DB7 


ADO-AD7 ADDRESS/DATA BUS 


FIGURE 6. TLC7524—8051 INTERFACE 
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TYPICAL APPLICATION DATA 


voltage-mode operation 


It is possible to operate the TLC 7524 current multiplying D/A converter in a voltage mode. In the voltage 
mode, a fixed voltage is placed on the current output pin. The analog output voltage is then available at 
the reference voltage pin. Figure 7 is an example of a current multiplying D/A, which is operated in voltage 
mode. 


REF (ANALOG OUTPUT VOLTAGE) 


OUT1 (FIXED INPUT VOLTAGE) 
OUT2 


FIGURE 7. VOLTAGE MODE OPERATION 


The relationship between the fixed input voltage and the analog output voltage is given by the following 
equation: | 


Vo = Vj (D/256) 


where 
VO = analog output voltage 
V| = fixed input voltage 
D = digital input code converted to decimal 


In voltage-mode operation, the TLC7524 will meet the following specification: 


PARAMETER __ TEST CONDITIONS | MIN MAX | UNIT | 


NIT 
Linearity error at REF Vpp = 5 V, OUT! = 2.5 V, OUT2 atGND, Ta = O°Cto70°C | 14] LSB | 
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F.2 Ti Sockets 


The sockets produced by Texas Instruments are designed for high-density 
packaging needs. As described in the following pages, the production sockets 


and burn-in/test sockets for PGA, PLCC, and CER-QUAD packages are com- 
patible with the TMS320C2x devices. 


For additiona! information about Tl sockets, contact the nearest T! sales office 
or: 


Texas Instruments Incorporated 
Connector Systems Dept, MS 14-3 
Attleboro, MA 02703 

(617) 699-5242/5269 

Telex: 92-7708 


F-139 


Appendix F - Ti Sockets 


IC SOCKETS 
PLASTIC LEADED CHIP CARRIER 


PERFORMANCE SPECIFICATIONS 


Mechanical 

Recommended PCB thickness range: 0.062 in to 0.092 in 
Recommended PCB hole size range: 0.032 in to 0.042 in 
Vibration: 15 G 

Shock: 100 G 

Solderability: Per MIL-STD 202, Method 208 

Insertion force: 0.59 Ibs per position 

Withdrawal force: 0.25 Ibs per position 

Normal force: 200 g min, 450 g typ 

Wipe: 0.075 in min 

Durability: 5 cycles min 

Contact retention: 1.5 lbs min 


Electrical 

Current carrying capacity: 1 A 

Insulation resistance: 5000 MQ. min 

Dielectric withstanding voltage: 1000 V ac rms min 
Capacitance: 1.0 pF max 


Environmental 

Operating temperature: 

Operating: ~ 40°C to 85°C 

Storage: ~40°C to 95°C 

Temperature cycling with humidity: will conform to final EIA 
specifications 

Shelf life: 1 year min 

MATERIALS 

Body — Ryton R-4 (40% glass) U/L 94-VO rating 

Contacts — CDA 510 spring temper 

Contact finish — 90/10 tin (200 pin — 400 yin) over 40 pin 
copper 


Contact factory for detailed information 


PLASTIC LEADER CHIP CARRIER CPR SERIES 


Device guide barriers not shown 


8,13 
(0.320) 
90° TYP 0.63 
2,54 (0.100) (0.025) 
TYP 3,18 
(0.125) 
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eens DEVICE GUIDE 
BARRIERS 


UNIQUE, HIGH 
NORMAL FORCE 
CONTACT 


EASILY 


AUTO msenTeD OT 


CLOSED BOTTOM 
DESIGN 


PART NUMBER SYSTEM 


CPR PH XXX—X—X-—O 


Contact surface 1 — tin lead 
plating 
Contact spacing 1 — 0.050 in 
Number of pos (044, 052, 068, 084) 
Plated thru hole, solder tail 
Tt socket Series 
Plastic leaded chip carrier 


2,54 
(0.100) TYP 


STANDOFF 


2,54 
(0.100) TYP 


21,43 17,78 12,70 
23,98 20,32 15,24 
(0.944) | (0.800) } (0.600) 
29,06 25,40 20,32 
(1.144) | (1.000) | (0.800) 

34,14 30,48 25,40 

(1.344) | (1.200) | (1.000) 


Extraction tool available, consult factory. 


44 
52 
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IC SOCKETS 
PLCC BURN-IN/TEST 


PRODUCT FEATURES 

Can be loaded by top actuated insertion or press-in 
insertion, either manually or automatically 

High reliability due to high pressure contact point 

Open body and high stand-off design provide high efficiency . 
in heat dissipation . 

High durability up to 10,000 cycles 

Compact design 


PERFORMANCE SPECIFICATIONS 


Mechanical 

Durability: 10,000 cycles 

Operating Temperature: 180°C max 
Electrical 

Contact rating: 1.0 A per contact 
Contact resistance: 30 mQ max 


Insulation resistance: 1000 MQ min PART NUMBER SYSTEM 

Dielectric withstanding voltage: 500 V ac rms min CPJ AA33A — XXX B 

MATERIALS 

Body — ultem glass filled (U/L 94 VO) 

Contact — copper alloy Number of positions 


Plating — overall gold plate 
Tl series socket 


PLCC BURN-IN/TEST SOCKETS CPJ SERIES 


23,00 (0.906) — 


1,27 (0.050) 


2,54 | 
(0.100) | | ® 
Pe 
® 


2,54 
{0.100} 1,27 (0.050) 
3,81 (0.150) 5,08 (0.200) 
18,08 (0.712) 
SIZES: 18 PIN 
22 PIN 


5,08 (0.200) 
12,90 (0.507) 


14,00 (0.551) 


3,00 (0.118) 


0,50 | | 0,35 


: 1,30 (0.051) 
(0.020) (0.014) 


Dimensions in parentheses are inches 
Contact factory for detailed information 
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PERFORMANCE SPECIFICATIONS 


Mechanical 

Accommodates IC leads 0.015 in to 0.021 in diameter 

Recommended PCB thickness range: 0.062 in to 0.092 in 

Recommended PCB hole size range: 0.032 in to 0.042 in 

Recommended hole grid pattern: 0.100 in + 0.002 in each 
direction 

Vibration: 15 G, 10-2000 Hz per MIL-STD 1344A, 
Method 2005.1 Test Condition Il 

Shock: 100 G, sawtooth waveform, 2 shocks each direction 
per MIL-STD 202, Method 213, Test Condition | 

Durability: 5 cycles, 10 mQ max contact resistance change 
per MIL-STD 1344, Method 2016 

Solderability: per MIL-STD 202, Method 208 

Insertion force: 3.6 oz (102 g) per pin typ using 0.018 in 
diameter test pin 

Withdrawal force: 0.5 oz (14 g) per pin min using 0.018 in 
diameter test pin 

Electrical 

Contact rating: 1.0 A per contact 

Contact resistance: 20 mQ max initial 

Insulation resistance: 1000 MQ at 500 V dc per 
MIL-STD 1344, Method 3003.1 

Dielectric withstanding voltage: 1000 V ac rms 
per MIL-STD 1344, Method 3001.1 

Capacitance: 1.0 pF max per MIL-STD 202, Method 305 

Environmental 


Operating temperature: —65°C to 125°C, gold; —~40°C to © 


100°C, tin 

Corrosive atmosphere: 10 mQ max contact resistance 
change when exposed to 22% ammonium sulfide for 
4 hours 

Gas tight: 10 m2 max contact resistance change when 
exposed to nitric acid vapor for 1 hour 

Temperature soak: 10 mQ“ max contact resistance change 
when exposed to 105°C temperature for 48 hours 

Shell life: 12 months min 


MATERIALS 

Body — PBT polyester U/L94-VO rating. 

On request, G10/FR4 or Mylar film 

Outer sleeve — Machined Brass (QQ-B-626) 

Inner contact — Beryllium copper (QQ-C-530) heat treated 
Plating: (specified by part number) 


PIN GRID ARRAY 


©OOOQO(OOOe 


1,3/2,0 


(0.05/0.08) TYP (0. 100) TYP NONCUMULATIVE 


(0.10/0.12) 
3,6/4,6 
(0.14/0.18) 


lca cots 


(0.021) DIA (0. nea DIA 


2,67/3, ae 
(0.105/0.150) 
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| IC SOCKETS 
HIGH DENSITY PIN GRID ARRAY 


wiDE-TAPERED 
ENTRY 


PRECISION 
MACHINED 
SLEEVE 


PRECISION 
SIX-FINGERED 
INNER CONTACT 


Inner contact — 30 pin gold over 50 pin nickel or 100 yin 
tin/lead over 50 pin nickel | 

Outer sleeve: — 10 yin gold over 50 pin nickel or 50 pin 
tin/lead over 50 pin nickel 


PART NUMBER SYSTEM 


C X G XX — XXX 7 TTT 


Pin Felons 


Sasi a pein aoe 0. ooe es 150 


Plating 


| PIN | Steve | Clip 
Gold Gold 
Tin Gold 


Body Style and Orientation 


‘Contact Loading Pattern 


Pin 
Grid Number of Pins 
Array 024 to 324 


Overall Grid Size 
5x5=05 to 18x 18=18 


BODY MATERIAL 
G — Glass Filled Epoxy 
P — PBT Polyester 


TI Socket 


Insulator Size 


(0.950) 24,13 
(1.050) 26,67 


(0.800) 20,32 
(0.900) 22,86 


(1.150) 29,21 (1.000) 25,40 
(1.250) 31,75 (1.100) 27,94 


(1.350) 34,29 (1.200) 30,48 
(1.450) 36,83 (1.300) 33,02 
(1.550) 39,37 (1.400) 35,56 
(1.650) 41,91 (1.500) 38,10 
(1.750) 44,45 (1.600) 40,64 
(1.850) 46,99 (1.700) 43,18 


tNoncumulative . 
Dimensions in parentheses are inches 
Consult factory for detailed information 
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IC SOCKETS 
BURN-IN/TEST PIN GRID ARRAY 
PERFORMANCE SPECIFICATIONS 


Mechanical 

Accommodates IC leads per specific IC device 

Recommended PCB thickness range: 0.062 in to 0.092 in 

Recommended PCB hole size range: 0.032 in to 0.042 in 

Durability: 5000 cycles, 10 mQ max contact resistance 
change per MIL-STD 1344, Method 2016 

Solderability: per MIL-STD 202, Method 208 

Electrical 

Contact rating: 1.0 A per contact 

Contact resistance: 20 mQ max initial 

Insulation resistance: 1.0 MQ at 500 V dc per 
MIL-STD 1344, Method 3003.1 

Dielectric withstanding voltage: 700 V ac rms per 
MIL-STD 1344, Method 3001.1 

Capacitance: 1.0 pF max per MIL-STD 202, Method 305 

Environmental 

Operating temperature: —65°C to 170°C 

Humidity: 10 mQ max contact resistance change when 
tested per MIL-STD 202, Method 1038 

Temperature soak; 10 mQ max contact resistance change 
when exposed to 105°C temperature for 48 hours 

Shelf life: 12 months max 


MATERIALS 

Body — CZF Series: PPS (polyphenylen sufide) glass filled 
U/L 94 VO rating, —65°C to 170°C 

Contact — Beryllium copper 


Plating: T Overall gold plate min 4 yin over min 70 pin nickel 
plating 


TFor additional plating option consult the factory. 
BURN-IN TEST PIN GRID ARRAY 


83,82 
(3.30) 35,43 


35,43 
(1.395) 


| CONTACT OPEN 


48,00 — 59,94 
(1.89) — (2.36) 


14,98 
(0.590) 


tm 


onBe 
| 


CLOSED BOTTOM 
DESIGN 


ZERO INSERTION 
FORCE DUAL 
BEAM CONTACT 


SYSTEM 


PART NUMBER SYSTEM 


Cc 


X — XXX — 


XX — 01 
L.. 


37 — overall gold plate 


Number of positions 


Configuration 
W-—11x11x2 


Style ZF — Zero force 


Tl Series socket 


—2,54 


8,99 35,05 
' (0.354) (1.38) MAX 

(0.100) 6,99 
__¥ (0.275) 

121 x 2 = 25,40 

=e (1.00) 

29,60 

(1.165) 


Dimensions in parentheses are inches 
Contact factory for detailed information 
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F.3 Crystals 
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This section lists the commonly used crystal frequencies, crystal specification 
requirements, and the names of suitable vendors. 


Table F-1 lists the commonly used crystal frequencies and the devices with 
which they can be used. | 


Table F-1. Commonly Used Crystal Frequencies 


DEVICE | FREQUENCY 


- TMS32020 18.432 MHz 
20 MHz 
20.48 MHz 


TMS320C25 40.96 MHz 


When connected across X1 and X2/CLKIN of the TMS320 processor, a crystal 
enables the internal oscillator; see Figure F-1. The frequency of CLKOUT is 


one-fourth the crystal fundamental frequency. Crystal specification require- 


ments are listed below. 


Load capacitance = 20 pF 

Series resistance = 30 ohm 

Power dissipation = 1 mW 

Parallel resonant 

Crystals of 20 MHz and below use fundamenta! mode. 
40-MHz operation requires a third-overtone crystal. 


CRYSTAL 


Figure F-1. Crystal Connection 


The TMS320C25 operating at 40.96 MHz requires a parallel-resonant third- 
overtone oscillator (see Section 6.1.2 for a detailed description of this oscil- 
lator design). If a packed clock oscillator is used, oscillator design is of no 
concern. | 
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Vendors of crystals suitable for use with TMS320 devices are listed below. 


RXD, Inc. N.E.L. Frequency Controls, Inc. 
Norfolk, NB Burlington, WI 
(800) 228-8108 (414) 763-3591 


CTS Knight, Inc. 
Contact the local distributor. 
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Appendix G 
ROM Codes 


Size of a printed circuit board must be considered in many DSP applications. 
To fully utilize the board space, Texas Instruments offers two options which 
will reduce the chip count and provide a single-chip solution to its customers. 
These options incorporate 4K words of on-chip program from either a mask 
programmable ROM or an EPROM. This allows the customer to use a code- 
customized processor for a specific application while taking advantage of the 
following: 


& Greater memory expansion 
& Lower system cost 

e Less hardware and wiring 
@ Smaller PCB 


If used often, the routine or entire algorithm can be programmed into the on- 
chip ROM of a TMS320 DSP. TMS320 programs can also be expanded by 
using external memory; this reduces chip count and allows for a more flexible 
program memory. Multiple functions are easily implemented by a single de- 
vice, thus enhancing system capabilities. 


TMS320 Development Tools are used to develop, test, refine, and finalize the 
algorithms. The microprocessor/microcomputer (MP/MC) mode is available 
on all ROM-coded TMS320 DSP devices when accessing either on-chip or 
off-chip memory is required. The microprocessor mode ts used to develop, 
test, and refine a system application. In this mode of operation, the TMS320 
acts as a standard microprocessor by using external program memory. When 
the algorithm has been finalized, the designer may submit the code to Texas 
Instruments for masking inte the on-chip program ROM. At that time, the 
TMS320 becomes a microcomputer which executes customized programs out 
of the on-chip ROM. Should the code need changing or upgrading, the 
TMS320 may once again be use in the microprocessor mode. This shortens 
the field upgrade time and avoids the possibility of inventory obsolescence. 


Figure G-1 illustrates the procedural flow for TMS320 masked parts. When 
ordering, there is a one-time/non-refundable charge for mask-tooling. A mi- 
nimum production order per year is required for any masked-ROM device. 
ROM codes will be deleted from the T! system after one year from the last 
delivery. 


A digital signal processor with the EPROM option is the solution for low-vo- 
lume production orders. The EPROM option allows for form-factor emulation. 
Field upgrades and changes are possible with the EPROM option. 
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CUSTOMER TMS320 DESIGN 7 


CUSTOMER SUBMITS: | 

_ - TMS320 NEW CODE RELEASE FORM 

- PRINT EVALUATION AND ACCEPTANCE FORM (PEAF) 
- PURCHASE ORDER FOR MASK CHARGE PROTOTYPES 
- TMS320 CODE 


TEXAS INSTRUMENTS RESPONDS: 
- CUSTOMER CODE INPUT INTO TI SYSTEM 
- CODE SENT BACK TO CUSTOMER FOR VERIFICATION 


CUSTOMER 
APPROVES 
ALGORITHM 


TI PRODUCES PROTOTYPES 


CUSTOMER. 
APPROVES 
PROTOTYPES (MINIMUM 
PRODUCTION ORDER 
REQUIRED) 


YES 


TMS320 PRODUCTION 


Figure G-1. TMS320 ROM Code Flowchart 
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A TMS320 ROM code may be submitted in one of the following formats (the 
preferred media is 5 1/4” floppies): 


5 1/4” FLOPPY: Tl-tagged or COFF format from Cross-Assembler 
EPROM (TMS320):TMS320E14, TMS320E15, TMS320E17, TMS320E25 
EPROM (others): TMS27C64 

PROM: TBP28S166, TBP28S86 

MODEM (BBS): _ TlI-tagged or COFF format from Cross-Assembler 


When a code is submitted to Texas Instruments for masking, the code is re- 
formatted to accommodate the TI mask generation system. System level ver- 
ification by the customer is therefore necessary. Although the code has been 
reformatted, It is important that the changes remain transparent to the user and 
do not affect the execution of the algorithm. The formatting changes involve 
the removal of address re-location information (the code address begins at the 
base address of the ROM in the TMS320 device and progresses without gaps 
to the last address of the ROM on the TMS320 device) and the addition of 
data in the reserved locations of the ROM for device ROM test. Note that 
because these changes have been made, a ‘checksum’ comparison is not a 
valid means of verification. 


With each masked device order, the customer must sign a disclaimer stating: 


"The units to be shipped against this order were assembled, for 
expediency purposes, on a prototype (i.e., non-production qualified) 
manufacturing line, the reliability of which is not fully characterized. 
Therefore, the anticipated inherent reliability of these prototype units 
cannot be expressly defined.” 


and 4a release stating: 
“Any masked-ROM device may be resymbolized as T! standard prod- 
uct and resold as though it were an unprogrammed version of the 
device at the convenience of Texas Instruments.” 


Contact the nearest Tl Field Sales Office for more information on procedures, 
leadtimes, and cost. 
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Appendix H 
Quality and Reliability 


The quality and reliability performance of Texas Instruments Microprocessor 
and Microcontroller Products, which includes the three generations of 
TMS320 digital signal processors, relies on feedback from: 


& Our customers 


® Our total manufacturing operation from front-end wafer fabrication to 
final shipping inspection 


® Product quality and reliability monitoring. 


Our customer's perception of quality must be the governing criterion for 
judging performance. This concept is the basis for Texas Instruments Corpo- 
rate Quality Policy, which is as follows: 


“For every product or service we offer, we shall define the require- 
ments that solve the customer's problems, and we shall conform to 
those requirements without exception.” 


Texas Instruments offers a leadership reliability qualification system, based on 
years of experience with leading-edge memory technology as well as years of 
research into customer requirements. Quality and reliability programs at TI are 
therefore based on customer input and internal information to achieve con- 
stant improvement in quality and ee 


Note: 


Texas Instruments reserves the right to make changes in MOS Semicon- 
ductor test limits, procedures, or processing without notice. Unless prior 


arrangements for notification have been made, TI advises all customers to 
reverify current test and manufacturing conditions prior to relying on 
published data. 
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H.1 Reliability Stress Tests 
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Accelerated stress tests are performed on new semiconductor products and 
process changés to ensure product reliability excellence. The typical test en- 
vironments used to qualify new products or major changes in processing are: 


High-temperature operating life 

Storage life 

Temperature cycling 

Biased humidity 

Autoclave 

Electrostatic discharge 

Package integrity 

Electromigration 

Channel-hot electrons (performed on geometries less than 2.0 um). 


Typical events or changes that require internal requalification of product in- 
clude: 


@ New die design, shrink, or layout 


@ Wafer process (baseline/control systems, flow, mask, chemicals, gases, 
dopants, passivation, or metal systems) 


@ Packaging assembly (baseline control systems or critical assembly 


equipment) 
® Piece parts (such as lead frame, mold compound, mount material, bond 
wire, or lead finish) 


Ss Manufacturing site. 


TI reliability control systems extend beyond qualification. Total reliability 
controls and management include a product reliability monitor and _ final pro- 
duct release controls. MOS memories, utilizing high-density active elements, 
serve as leading indicators in wafer-process integrity at Tl MOS fabrication 
sites, enhancing all MOS logic device yields and reliability. Thousands of 
logic devices per month are randomly tested to ensure product reliability and 
excellence. 


Table H-1 lists the microprocessor and microcontroller reliability tests, the 
duration of the test, and sample : size. The following terms define or describe 
these tests: 


A0G (Average Outgoing Quality) Amount of defective product in a pop- 
ulation, usually expressed in terms of 
parts per million (PPM). 


FIT (Failure in Time) | Estimated field failure rate in number 
of failures per billion power-on device 
hours; 1000 FIT = 0.1% failure per 
1000 device hours. 
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Operating lifetest 


High-temperature storage 


Biased humidity 


Autoclave (pressure cooker) 


Temperature cycle 


Thermal shock 


PIND 


Device dynamically exercised at a high 
ambient temperature (usually 125°C) 
to simulate field usage that would ex- 
pose the device to a much lower am- 
bient temperature (such as 55°C). 
Using a derived high temperature, a 
55°C ambient failure rate can be cal- 
culated. 


Device exposed to 150°C unbiased 
condition. Bond integrity is stressed in 
this environment. 


Moisture and bias used to accelerate 
corrosion-type failures in plastic 
packages. Conditions must include 
85°C ambient temperature with an 
85% relative humidity (RH). Typical 
bias voltage is +5 V and ground on 
alternating pins. 


Plastic-packaged devices exposed to 
moisture at 121°C using a pressure of 
one atmosphere above normal pres- 
sure. The pressure forces moisture 
permeation of the package and accel- 
erates corrosion mechanisms (if pres- 
ent) on the device. External package 
contaminates can also be activated 
and caused to generate inter-pin cur- 
rent leakage paths. 


Device exposed to severe temperature 
extremes in an alternating fashion 
(-65°C for 15 minutes and 150°C for 
15 minutes per cycle) for at least 1000 
cycles. Package strength, bond qual- 
ity, and consistency of assembly pro- 
cess are stressed in this environment. 


Test similar to the temperature cycle 
test, but involving a liquid-to-liquid 
transfer, per MIL-STD-883C, Method 
1011. 


Particle Impact Noise Detection test. 
A non-destructive test to detect loose 
particles inside a device Cavity. 
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Mechanical Sequence: 


Fine and gross leak 
Mechanical shock 


PIND (optional) 
Vibration, variable frequency 


Constant acceleration 


Fine and gross leak 
Electrical test 


Thermal Sequence: 


Fine and gross leak 
Solder heat (optional) 
Temperature cycle 
(10 cycles minimum) 
Thermal shock 

(10 cycles minimum) 
Moisture resistance 
Fine and gross leak 
Electrical test 


Thermal/Mechanical Sequence: 


Fine and gross leak 
Temperature cycle 
(10 cycles minimum) 
Constant acceleration 


Fine and gross leak 
Electrical test 
Electrostatic discharge 
Solderability 

Solder heat 

Salt atmosphere 

Lead pull 

Lead integrity 


Electromigration 


Resistance to solvents 


Per MIL-STD-883C, Method 1014.5 
Per MIL-STD-883C, Method 2002.3, 
1500 g, 0.5 ms, Condition B 

Per MIL-STD-883C, Method 2020.4 
Per MIL-STD-883C, Method 2007.1, 
20 g, Condition A 

Per MIL-STD-883C, Method 2001.2, 
20 kg, Condition D, Y1 Plane min 
Per MIL-STD-883C, Method 1014.5 
To data sheet limits 


Per MIL-STD-883C, Method 1014.5 
Per MIL-STD-750C, Method 1014.5 
Per MIL-STD-883C, Method 1010.5, 
-65 to +150°C, Condition C 

Per MIL-STD-883C, Method 1011.4, 
-55 to +125°C, Condition B 

Per MIL-STD-883C, Method 1004.4 
Per MIL-STD-883C, Method 1014.5 
To data sheet limits | 


Per MIL-STD-883C, Method 1014.5 
Per MIL-STD-883C, Method 1010.5, 
-65 to +150°C, Condition C 

Per MIL-STD-883C, Method 2001.2, 
30 kg, Y1 Plane 

Per MIL-STD-883C, Method 1014.5 
To data sheet limits 

Per MIL-STD-883C, Method 3015 
Per MIL-STD-883C, Method 2003.3 
Per MIL-STD-750C, Method 2031, 
10 sec 


. Per MIL-STD-883C, Method 1009.4, 


Condition A, 24 hrs min 

Per MIL-STD-883C, Method 2004.4, 
Condition A 

Per MIL-STD-883C, Method 2004.4, 
Condition B1 

Accelerated stress testing of con- 
ductor patterns to ensure acceptable 
lifetime of power-on operation 

Per MIL-STD-883C, Method 2015.4 


Appendix H - Quality and Reliability 


Table H-1. Microprocessor and Microcontroller Tests 


TEST DURATION SAMPLE SIZE . 
PLASTIC CERAMIC 


Operating life, 125°C, 5.0 V 1000 hrs 
Storage life, 150°C 1000 hrs 
Biased 85°C/85 percent RH, 5.0 V 1000 hrs 
Autoclave, 121°C, 1 ATM. 240 hrs 
Temperature cycle, -65 to 150°C 1000 cyc 
Thermal shock, -65 to 150°C 500 cyc 
Electrostatic discharge, +2 kV 

Latch-up (CMOS devices only) 

Mechanical sequence 

Thermal sequence 

Thermal/mechanical sequence 

PIND 

Internal water vapor 

Solderability 

Solder heat 

Resistance to solvents 

Lead integrity 

Lead pull 

Lead finish adhesion 

Salt atmosphere 

Flammability (UL94-V0O) 

Thermal impedance 


*If junction temperature does not exceed plasticity of package. 


Table H-2 provides a list of the TMS320C2x devices, the approximate number 
of transistors, and the equivalent gates. The numbers have been determined 
from design verification runs. 


Table H-2. TMS320C2x Transistors 


DEVICE # TRANSISTORS # GATES 
NMOS: TMS32020 80K © 27K 


CMOS: TMS320C25 160K 40K 
TMS320C25-50 160K 40K 
TMS320E25 | 160K 40K 


TI Qualification test updates are available upon request at no charge. TI will 
consider performing any additional reliability test(s), if requested. For more 
information on TI quality and reliability programs, contact the nearest TI Field 
Sales Office. | 
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Appendix | 
Development Support/Part Order Information 


This section provides development support information, device part numbers, 
and support tool ordering information for all TMS320C2x (second-generation 
TMS320) products. Figure |-1 shows the software and hardware development 


tools available for the TMS320C2x, including the development environment 
when using the C compiler (see Section 1.1.4). 


ASSEMBLER 
Cc SOURCE DSP SOFTWARE 
COMPILER CODE LIBRARY DFDP 
Oo. Oo, oR O, 
} | | 


ASSEMBLER 
{ 
LINKER 
| 


SIMULATOR 


TARGET Cs 
H/W 


| Oo, 0, 


Figure I-1. TMS320C2x Development Tools 
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Extensive documentation, including application reports, user’s guides, and 
textbooks, is available to support DSP design, research, and education. To 
order TMS320 literature, contact the T!| Customer Response Center (CRC) 
hotline number via 1-800-232-3200. For more information about support 
products and documentation, refer to the 7WS320 Family Development Sup- 
port Reference Guide (literature number SPRUO11A). 


The nearest T! Field Sales Office can be contacted for support tool availability 
or further details (see list of offices and distributors at end of book). For 
technical support, contact the TMS320 DSP hotline via (713) 274-2320. To 
obtain current information on the TMS320 family or to download DSP appli- 


~ cation code, contact the Bulletin Board Service (BBS) at (713) 274-2323 via 


a modem (300-, 1200-, or 2400-bps). 


The major topics discussed in this section are listed below. 


& Development Support (Section I|.1 on page I-3) 
= TMS320 Macro Assembler/Linker 
= TMS320C2x Simulator 
= SoftWare Development System (SWDS) 
= TMS320C25 C Compiler 
- TMS320C2x Emulator (XDS/22) 
> TMS320C2x XDS/22 Upgrade 
= TMS320 Analog Interface Board 2 
= Digital Filter Design Package (DFDP) 
_ DSP Software Library 
= TMS320 DSP Hotline/Bulletin Board Service 


@ Part Order Information (Section !.2 on page !-13) 
= Device part numbers 
= Software and hardware support tools part numbers 
- Device and support tool prefix designators 
= Device and support tool nomenclature 
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1.1 Second-Generation TMS320 Development Support 


Texas Instruments offers extensive development support and complete doc- 
umentation for the second-generation TMS320 digital signal processors. 
Tools are provided to evaluate the performance of the processors, develop al- 
gorithm implementations, and fully integrate the design’s software and hard- 
ware modules. Development is performed by using a Macro Assembler/ Linker, 
Simulator, C Compiler, SoftWare Development System (SWDS), Emulator 
(XDS), and other support products. 


Description and key features for each TMS320C2x development support tool 
are provided in the following subsections. For more information on Texas In- 
struments’ and authorized third-party vendors’ support products, refer to the 
TMS320 Family Development Support Reference Guide (literature number 
SPRUO011A). For ordering information, see Section 1.2. 


1.1.1 TMS320 Macro Assembler/Linker 


The TMS320 Macro Assembler translates TMS320 assembly language source 
code into executable object code. The source code can be either an instruc- 
tion, macro directive, or assembler directive. The assembler directive controls 
various aspects of the assembly process, such as source listing format, sec- 
tional placement of source code, and symbol definition. The macro assembler 
supports macro calls and definitions as well as conditional blocks. It permits 
many files (programs) to be designed and implemented in separate modules 
which will later be linked together to form a complete file (program). An ar- 
chiver collects and stores these files. Upon command from the assembler, the 
archiver transmits the selected files to the linker. 


The TMS320 Linker combines the object files into one executable object mo- 
dule. It relocates and resolves all external definitions and references. The 
linker accepts COFF (Common Object File Format) object files, created by the 
assembler, as inputs. COFF provides a more flexible means of configuring and 
allocating memory resources. It accepts either files from an archiver or modules 
from a previous linker run. The linker directive controls the combining process 
of file sections with each other, the binding process of sections or symbols to 
specific addresses, and the defining process of global symbols. Before loading 
into XDS, SWDS, or applicable PROM programmers, the COFF object file 
must first be converted to Tl-tagged, !ntel hex, or Tektronix hex object format 
by an Object Format Converter. Upon conversion, the file is downloaded into 
the receiving system. 


The following key features distinguish the TMS320 Macro Assembler/Linker: 


Macro capabilities and library functions 
Conditional assembly © 

Relocatable modules 

Complete error diagnostics 

e Symbol table and cross reference. 


The macro assembler/linker is currently available for these operating systems: 
MS/PC-DQS, VAX/VMS, VAX ULTRIX, and SUN-3 UNIX. 
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1.1.2 TMS320C2x Simulator 


The TMS320C2x Simulator is a software program that simulates the 
microprocessor/microcomputer mode (MP/MC) for the second-generation 
family. The program provides a cost-effective, non-realtime method for soft- 
ware development and program verification. Using TMS320 object code from 
the assembler/linker, files are associated with I/O ports so that specific 1/O 
values may be used when testing or debugging the system. : 


Before testing the program, traces are defined and enabled. Based on READ 
and WRITE instructions and executions, breakpoints are established within the 
program and data memories. When randomly set at desired intervals in the 
program, the interrupt flag simulates the INTERRUPT signal. 


During program execution, the host computer interprets each instruction and 
accordingly modifies the internal registers and memories of the simulated 
TMS320 member. Individual portions of the program can be tested. For 
testing time-critical codes, a clock counter tracks the execution time of loops 
for optimum performance. 


The program can be suspended by encountering a breakpoint or error, entering 
a breakpoint via the keyboard, or branching to SELF. Once suspended, the 
internal registers and memories are inspected and accordingly modified. A 
record of the simulation session can be obtained from a journal file. This re- 
cord allows the simulation session to be re-executed while retaining the same 
machine state in the next session. The trace memory can be displayed, too. 


Before debugging, the TMS320 source code must be written and assembied. 
Multiple modules must be linked. Finally, the code is loaded into the simula- 
torand will be executed during the simulation procedure. In the debug mode, 
the state of the simulated TMS320C2x member can be monitored while the 
program is being executed. Usage of the simulator allows the elimination of 
costly hardware during debugging procedures. 


The following features highlight simulator capability for effective TMS320 
software development: 


Program verification and debug 
Single-step option 

_ Trace, breakpoint, and interrupt capabilities 
Time analysis 


Full access to simulated registers and memories 
|/O device simulation. | 


The simulator is currently available for the VAX/VMS and MS/PC-DOS oper- 
ating systems. 
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1.1.3 TMS320C25 C Compiler 


The TMS320C25 uses a fully implemented ‘Kernighan and Ritchie’ C compiler 
for converting a C language program into a TMS320 assembly language pro- 
gram. This is accomplished in a 3-step operation by its preprocessor, parser, 
and code generator. The preprocessor accepts and modifies the source file 
which contains the C language program module. The parser produces an in- 
termediate file for the modified C language code. The code generator converts 
the intermediate file into an assembly language source file; upon conversion, 
the file is sent to the assembler for further processing. Or, the output of the 
compiler can be edited prior to assembly/link for further optimization of sys- 
tem performance. 


This high-level language compiler allows time-critical routines written in as- 
sembly language to be called from within the C program. The converse is also 
available; assembly routines may call C functions. Also, the compiler accepts 
assembly statements which are introduced along with the C source. Refer 
back to Figure |-1 for a diagram of the development environment when using 
the C compiler. 


Included with the shipment of the TMS320C25 C compiler is an 
assembler/linker; see Section |.1.1. The output of this assembler/linker can be 
downloaded and used with any of the existing tools (simulator, XDS, SWDS, 
or applicable PROM programmer). 


The compiler is currently available for these operating systems: MS/PC-DOS, 
VAX/VMS, VAX ULTRIX, and SUN-3 UNIX. 


1.1.4 Software Development System (SWDS) 


The SoftWare Development System (SWDS) is a PC-resident tool that pro- 
vides two functions. First, it simulates the software for any TMS320C2x 
member; second, it provides access to target I/O. 


As a software tool, the SWDS allows the user to write, assemble/link, load, 
and debug the TMS320C2x code on a PC workstation in realtime. The SWDS | 
is capable of single-stepping through code or setting software breakpoints for 
monitoring register or memory contents during execution. During test and 
debug operations, it permits the user to associate files on the PC with I/O 
ports so that specific |/O values can be used. 


As a hardware tool, the SWDS provides access to target |/O via a connector 
cable and 68-pin PGA adaptor socket. The SWDS provides single-step and 
software breakpoint capabilities for viewing the registers and the memory 
contents. Target |/O can be implemented through one of sixteen parallel 
portsin conjunction with control signals and interrupts or through the serial 
ports. Unlike the XDS emulator, the SWDS does not address the target 
memory or possess any hardware breakpoint, trace, or timing (BTT) capabili- 
ties. The SWDS offers low-cost, effective evaluation and software develop- 
ment through its specialized hardware design. 


The SWDS consists of three parts: 


1) A plug-in circuit board for the PC which contains the TMS320C2x, 
program, and data memory. 
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2) Two cable adaptor boards which reside outside the PC and connect to 
the SWDS via two 40-conductor ribbon cables. These cable adaptor 
boards, included with the system, are: 

a) Tne PGA Adaptor Connector that connects the SWDS to a 
TMS320C2x target system via a 68-pin grid array footprint. 

b) The Analog Interface Board 2 (AIB2) Adaptor Connector that 
connects the SWDS directly to the TMS320 AIB2. 

3) Software which includes the TMS320C2x Assembler/Linker (see Sec- 
tion I.1.1), the DSP Software Library (see Section 1.1.10), and SWDS 
monitor software. 


The SWDS is designed to function in the IBM-PC/AT or compatible environ- 
ment. This requires a MS-DOS version 2.0 or later. 


The development system software occupies 64K bytes of PC memory. It its 
equipped with 24K words (48 kbytes) of static RAM which can be mapped 
in 4K-word blocks into the program and data memory spaces of the 
TMS320C2x. This allows development and execution of TMS320C2x pro- 
grams at full speed. 


The SWDS is configured for TMS320C25 development upon shipment; i.e., a 
TMS320C25 and a 40-MHz oscillator are on-board. A TMS32020 and a 
20-MHz crystal are included with the system to accommodate TMS32020 
development. The target system may supply a TTL clock source; in which 
case, the upper limit on the clock speed is dictated by the speed of the pro- 
cessor on the PC board. If the user’s target system provides a clock source, 
the use of the external clock is specified in the debug monitor initialization 
command and the target system’s clock is, then, connected to the SWDS. 


1.1.5 TMS320C2x Emulator (XDS) 


The TMS320C2x Emulator (XDS/22) is a self-contained system which sup- 
ports the hardware development for the second-generation DSP members: | 
TMS32020, TMS320C25, and TMS320E25. The emulator features realtime 
in-circuit emulation for integration of hardware and software modules in the 
debug mode. By setting breakpoints based on internal conditions or external 
events, execution of the program can be suspended and control given to the 
debug mode. In the debug mode, all registers and memory locations can be 
inspected and modified. Single-step execution is available. Full-trace capa- 
bilities at full speed and a reverse assembler that translates machine code back 
into assembly instructions also increase debugging productivity. The object 
file, produced by the TMS320C2x Macro Assembler/Linker, can be down- 
loaded into the emulator by way of three RS-232-C ports. Once in the emu- 
lator, the process can be controlled through the terminal of a host computer. 
Figure |-2 shows a block diagram of a typical system configuration using the 
TMS320C2x XDS/22 Emulator. 


Two 4K x 16-word banks of high-speed static RAM can be mapped into a 
fixed address space starting at O for both program and data memory. Also, 64K 
words of dynamic RAM are available for mapping into the user’s program and 
data address spaces. Using the 4K-word static RAM and the 64K-word dy- 
namic RAM independently allows the computer to run the program at full 
speed by eliminating all wait modes. Additionally, the XDS is capable of ex- 
ecuting out of target memory to fully utilize the TMS320C2x program/data 
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address range. For multiprocessing configurations, a maximum of nine emu- 
lators can be daisy-chained together. 


The key features of the TMS320C2x XDS/22 Emulator are as follows: 


40-MHz full-speed in-circuit emulation 

Supports all second-generation TMS320 family members 
PLCC target connector with pin grid array (PGA) adaptor 

4K words each of program and data memory (zero wait states) 
64K-word PROM memory expansion board (wait states) 
Breakpoint, trace, and timing (BTT) capabilities 

Single-step execution 

Line-by-line assembler/reverse assembler 

Enhanced decimal parameter entry and display 

Use of target system CLKIN signal or internal crystal 


Host-independent upload/download capabilities to/from program or 
data memory 


e Ability to inspect and modify registers and program/data memory 
e Supports multiprocessor configurations 
e Logic tracing with extended data/address logic analyzer interface. 


Four modes of operation are possible with the XDS/22 emulator: stand-alone, 
host computer, PC (single-user system), and multiprocessor. The stand-alone 
mode requires only the XDS/22 and the user terminal. When optimum usage 
is required, the emulator is operated in the host computer mode. In the PC 
mode, the emulator allows the single-user system to operate both as a host 
and a terminal. The multiprocessor mode connects a maximum of nine 
‘XDS/22 emulators into a daisy-chain fashion, whereby all can controlled by 
one terminal; one host computer can be attached, too. 


Note: 
Support for emulation of the TMS320C25-50 is provided by Macrochip 


Research, Inc., (214) 242-0450. Refer to Section 9 of the 7MS320 Fa- 
mily Development Support Reference Guide _ (literature number 
SPRU0O11A) for more information. 
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Figure I-2. TMS320C2x XDS/22 System Configuration 


1.1.6 TMS320 Analog interface Board 2 


The TMS320 Analog Interface Board 2 (AIB2) is capable of converting both 
analog-to-digital (A/D) and digital-to-analog (D/A) signals for algorithmic 
development applications. In conjunction with either the SWDS or XDS de- 
velopment tooi, this conversion board is used as a preliminary target system; 


see Figure I-3. 


The AIB2 provides a simple, inexpensive way to become familiar with digital 
signal processing (DSP) techniques. This tool permits testing of application 
programs with analog |/O by providing an interface to the TMS320C2x. The 
board allows external A/D and D/A converters to be added to the on-board 
16-bit A/D and D/A converters via the expansion ports. A Function Generator 
Daughter Board (FGB) comes with the AIB2 and performs the necessary on- 
board generation of square, triangular, and sine waves. 


The AIB2 runs at full speed up to 20 MHz for TMS320 family members. The 
on-board sample rate clock, derived from the TMS320 CLKOUT signal, may 
be programmed to provide periodic analog input, output, or both. There are 
two analog lowpass filters on the AIB2. One filter on the A/D input band- 
limits the input to minimize aliasing effects. The other filter smooths the out- 
put of the D/A. Filter frequency response is controlled by varying the external 
components in the filter stages. Filter cutoff is set to 4.7 kHz, but may be 
(plug) programmed. An audio amplifier that drives an 8-ohm speaker is pro- 
vided for applications with audio output. 


Sockets which accommodate the TMS320C1x DIP packages and the 
TMS320C2x PGA packages are already installed on the AIB2. Adaptor sock-. 
ets are required when using PLCC or CER-QUAD packages with this board. 
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The AIB2 will operate with the TMS320C1x XDS or EVM as well as with the 
TMS320C2x XDS or SWDS. 


Key features of the AIB2 are as follows: 


@ 16-bit analog-to-digital converter with sample/hold and anti-aliasing 
low-pass filter 


16-bit digital-to-analog converter with smoothing low-pass filter 
TLC32040 Analog Interface Chip (AIC) with 5.184-MHz crystal 
TCM2916 CODEC with 2.048-MHz crystal 

Differential input amplifier 

Audio input amplifier 

Programmable sample rate clock 


Programmable memory sockets and oscillator for stand-alone mode of 
operation | 


6 (+/-)15Vdc-to-5Vdc converter 
@ 16-bit !/O port 


POWER 
SUPPLY 


RSE EOC EPO SDE READ CDRS LESSEE CRORE AOR BORE GS | 


i 


ANALOG 
OUT 


USER'S. : TMS320C 2x MULATION CABLE TS320 
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Figure 1-3. TMS320 AIB2 System Configuration 
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1.1.7 TMS320C2x XDS/22 Upgrade 


For a minimal cost, Texas Instruments offers a TMS320C2x XDS upgrade kit 
which can enhance a customer's development system by modifying its current 
equipment. Upgrading can only occur between members within the same 
generation, not between members of different generations. For example, an 
upgrade kit for the TMS32020 XDS/22 allows the emulator. to imitate the 
operation of either the TMS320C20 or TMS320C25. 


The TMS320C2x XDS upgrade kit consists of the following contents: 


e Firmware (2 PALs, 2 EPROMs) 
TMS320C25 and crystal 

4K x 16 high-speed static RAM (2 sets) 
40-MHz breakpoint, trace, and timing board 
PGA and PLCC target connectors. 


i.1.8 Digital Filter Design Package (DFDP) 


Available through Atlanta Signal Processors, Inc. (ASPI), the Digital Filter 
Design Package (DFDP) is a user-friendly, menu-driven software package. 
This software package shortens the design time of various filter structures 
which use digital filters with floating-point accuracy or fixed-point economy. 
The package consists of four interactive filter design modules capable of per- 
forming the following functions: | 


1) Designing FIR filters (Kaiser window). 

2) Designing FIR filters (Parks-McClellan) 

3) Designing IIR filters (Butterworth, Chebychev | and II, and elliptic) 

4) Generating TMS320 assembly code for all TMS320C2x members by 
converting the ASCII file that contains the filter coefficients into a fully 
commented assembly language code. 


Cascade and parallel structures as well as higher-performance lattice, normal- 
ized lattice, and orthogonal forms are included in the modules. 


The DFDP can design filters to meet any piecewise linear response specifica- 
tion, evaluate filter characteristics before and after coefficient quantization, 
and design special-purpose FIR filters, such as multiband filters, differentia- 
tors, Hilbert transformers, and raised-cosine filters. The DFDP can also gen- 
erate coefficients for filter implementations on any general-purpose processor - 
or signal processing chip, as well as fully commented assembly language code 
for a variety of DSP chips. Magnitude, log magnitude, and impulse responses 
can be plotted for printer or screen display; in addition, the phase, group delay, 
and pole-zero map can be plotted for IIR filters. After the filter is designed, 
the user can generate code associated with the filter using the CGEN design 
module. 


The DFDP runs on the IBM PS/2, IBM PC/XT/AT, and compatible systems. 
Operating systems must have 192K bytes of memory available. For more in- 
formation, refer to Section 9 in the T7MS320 Family Development Support 
Reference Guide (literature number SPRUOQ11A). To obtain details, contact 
the nearest TI Field Sales Office or Atlanta Signal Processors, Inc. via (404) 
892-7265. | 
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1.1.9 DSP Software Library 


The Digital Signal Processing Software Library contains the major DSP rou- 
tines (FFT, FIR/IIR filtering, and floating-point operations) and application 
algorithms (echo cancellation, ADPCM, and DTMF coding/decoding) as 
presented in the book, Digital Signal Processing Applications with the 
TMS320 Family (literature number SPRAO12A). These routines and aigo- 
rithms are written in TMS320C2x source code as well as TMS320C1x source 
code. Additionally, macros for the TMS320C1x are included in the library. 


The software package consists of four diskettes for use with the IBM 
MS/PC-DOS (version 1.1 or later) or a 1600 BPI magnetic tape for the 
VAX/VMS version. All the directories on the MS/PC-DOS version are con- 
tained on the magnetic tape for the VMS version. Each directory contains a 
README.LIS file which briefly describes the contents of all files in that di- 
rectory and the reference to its code. The book, Digital Signal Processing 
Applications with the TMS320 Family (literature number SPRAO12A), serves 
as the major reference to the theory and application of algorithms; each ap- 
pendix provides the printed code as pertained to that application report. 


Texas Instruments holds copyrights on all software in this library. The library 
is continually being updated; obtain current information by contacting the 
TMS320 DSP Bulletin Board via (713) 274-2323. 


1.1.10 TMS320 DSP Hotline/Bulletin Board Service 


The TMS320 group at Texas Instruments provides a DSP Hotline to answer 
TMS320 technical questions regarding device problems, development tools, 
documentation, upgrades, and new TMS320 products. The hotline operates 
five days a week from 8:00 AM to 6:00 PM Central Time. The commercial 
telephone number is (713) 274-2320. A facsimile number, (713) 274-2324, 
is available and provides additional communication capabilities in either code 
or schematic format. For details on the TMS320 devices and development 
tools, contact the nearest TI Field Sales Office. To order literature, call the 
Customer Response Center (CRC) via 1-800-232-3200. 


The TMS320 DSP Bulletin Board Service is a telephone-line computer bulletin 
board that provides access to information pertaining to TMS320 devices. 
Specification updates for current or new TMS320 devices and development 
tools are communicated via the bulletin board as the information becomes 
available. The Bulletin Board Service can be accessed by dialing (713) 
274-2323 with a 2400-, 1200-, or 300-bps modem. 


The bulletin board contains TMS320 source code from the application reports 
included in the book, Digital Signal Processing Applications with the TMS320 
Family (literature number SPRAQ12A). The bulletin board also provides new 
DSP application software as it becomes available. See the 7WS320 Family 
Development Support Reference Guide (literature number SPRUO11A) for 
information on how to access the bulletin board. 
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1.2 Part Order Information 


This section provides the device and support tool part numbers. Table I-1 lists 
the part numbers for all the second-generation members of the TMS320 fam- 
ily. Table !-2 gives ordering information for TMS320C2x hardware and soft- 
ware support tools. Table I-3 provides a list and description of the 
development too! connections to a target system. A discussion of the 
TMS320 family device and development support tool prefix and suffix desig- 
nators is included to assist in understanding the TMS320 product numbering 
system. 


Table I-1. TMS320C2x Digital Signal Processor Part Numbers 


OPERATING PACKAGE TYPICAL 
TECHNOLOGY | FREQUENCY TYPE DISSIPATION 


1250 mW 
500 mW 
500 mW 
Ceramic 68-pin PGA 500 mW 
500 mW 


| CMOS 40 MHZzt Ceramic 500 mW 
68-lead CER-QUAD 


tMilitary version available. 
tMilitary version planned; contact nearest TI Field Sales Office for availability. 
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Table I-2. TMS320C2x Support Tool Part Numbers 


TOOL DESCRIPTION OPERATING SYSTEM| PART NUMBER 
SOFTWARE TOOLS 


Macro Assembler/Linker IBM MS/PC-DOS TMDS3242850-02 
VAX/VMS TMDS3242250-08 
VAX ULTRIX TMDS3242260-08 
SUN-3 UNIX TMDS3242550-08 


Simulator IBM MS/PC-DOS TMDS3242851 -02 
VAX/VMS TMDS3242251 -08 


C Compiler (TMS320C25) | IBM MS/PC-DOS TMDX3242855-02 
VAX/VMS TMDX3242255-08 
VAX ULTRIX TMDX3242265-08 
SUN-3 UNIX TMDX3242555-08 


Digital Filter Design Package (DFDP) IBM PC-DOS DFDP-IBMO02 . 
DSP Software Library IBM MS/PC-DOS TMDC324081 2-12 
| VAX/VMS TMDC324021 2-18 


HARDWARE TOOLS 
| Analog Interface Board 2 (AIB2) RTC/AIB320A-06 
RTC/ADP320A-06 


Analog Interface Board Adaptor 


EPROM Programmer Adaptor Socket TMDX3270120 
for 68- to 28-pin conversion 


| Software Development System (SWDS) TMDX3268821 
XDS/22 Emulatort TMDS3262221 
XDS/22 Upgrade (TMS32020 to TMS320C2x) 


TMDS3282226 
TEmulation for the TMS320C25-50 is available from Macrochip Research, Inc., 


1301 North Denton Drive, Suite 204, Carrollton, TX 75006; or, call (214)242-0450. 


Table I-3. Development Tool Connections to a Target System 


TOOL TARGET CONN. | INCL. | OPT. PART NUMBER 


TMS320C25 XDS/22 | 68-pin PGA 
68-pin PGA 
68-pin PGA 
68-lead PLCC 
68-lead PLCC 


68-pin PGA 
68-pin PGA 
68-lead PLCC 


TMDX3288825 
TMDX3288826 


TMDX3288825 


TMDX3288820 
TMDX3288825 
TMDX3288825 


T™MS32020 XDS/22 
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1.2.1 Device and Development Support Tool Prefix Designators 


To assist the user in understanding the stages in the product development 
cycle, Texas Instruments assigns prefix designators to the part numbers of all 
TMS320 devices and support tools. Each TMS320 member will have one of 
three prefix designators: TMX, TMP, and TMS. Texas Instruments recom- 
mends two of three possible prefix designators for its support tools: TMDX 
and TMDS. These prefixes represent one of the evolutionary stages of product 
development from engineering prototypes (TMX/TMDX) through fully quali- 
fied production devices/tools (TMS/TMDS). This development flow is de- 
fined below. 


Device Development Evolutionary Flow: 


TMX Experimental device that is not necessarily representative of the final 
device’s electrical specifications. 


TMP Final silicon die that conforms to the device’s electrical specifications 


but has not completed quality and reliability verification. 


TMS ~~ Fully qualified production device. 


Support Tool Development Evolutionary Flow: 


TMDX Development support product that has not yet completed Texas In- 
struments internal qualification testing. 


TMDS Fully qualified development support product. 


TMX and TMP devices and TMDX development support tools are shipped 
against the following disclaimer: 


“Developmental product is intended for internal evaluation purposes.” 


TMS devices and TMDS development support tools have been fully charac- 
terized and the quality and reliability of the device has been fully demon- 
strated. Texas Instruments standard warranty applies. 


Note: 


Predictions show that prototype devices (TMX or TMP) will have a 
greater failure rate than the standard production devices. Texas Instru- 


ments recommends that these devices not be used in any production 
system since their expected end-use failure rate is still undefined. Only 
qualified production devices are to be used. 
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1.2.2 Device and Development Support Tool Nomenclature 


In addition to the prefix, the device nomenclature includes a suffix that follows 
the device family name. This suffix indicates the package type (e.g., N, FN, 
or GB) and temperature range (e.g., L). Figure |-4 provides a legend for 
reading the complete device name for any TMS320 family member. 


TMS 320 C 25 GB L 


PREFIX | 


PERATURE RANGE 


a TEM 
TMX = experimental device H= Oto 50°C 
TMP = prototype device L= Oto 70°C 
TMS = qualified device S = -55 to 100°C 
SMJ = MIL-STD-883C M = -55 to 125°C 
A = -40 to 85°C 


DEVICE FAMILY PACKAGE TYPE 


J = ceramic CER-DIP 
TECHNOLOGY JD= ceramic DIP 
C = CMOS side- brazed 
E = CMOS EPROM GB= ceramic PGA 
No letter = NMOS FZ = ceramic CER-QUAD 


FN = plastic leaded CC 
-FD= ceramic leadless CC 


DEVICE 
1st-gen. DSP: 
10 


2nd-gen. DSP: 
20 
25 

3rd-gen. DSP: 
30 


Figure I-4. TMS320 Device Nomenclature 
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Figure 1-5 provides a legend for esis the ban number for any TMS320 
hardware or software development tool. 


TMDS 32 4 28 10-0 2. 


PP 
2 = 5-1/4" floppy disk 
8 = 1600 BPI magnetic tape 


QUALIFICATION STATUS 
TMDX = prototype 
TMDS = qualified 


DEVICE FAMILY 
32 = TMS320 family 


S/W FORMATTt 
O = object code 
1 = source code 


PRODUCT TYPE 
4 = software 
6 = hardware 


SEQUENCE NUMBER? 


8 = upgrade 

MODEL GENERATION? 
11 = XDS/11 1 = 1st-gen. 
22 = XDS/22 2 = 2nd-gen. 
88 = upgrade kits 3 = 3rd-gen. 
OPERATING SYSTEMT FORMATtT 

02 = ist-gen. VAX/VMS 1 = Tl-tagged 
08 = 1st-gen. IBM MS/PC-DOS 5 = COFF 


22 = 2nd-gen. VAX/VMS 
28 = 2nd-gen. IBM MS/PC-DOS 
32 = 3rd-gen. VAX/VMS 
38 = 3rd-gen. IBM MS/PC-DOS 


t Software only. 
+ Hardware only. 


Figure 1-5. TMS320 Development Tool Nomenclature 
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